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Preface 


Within the H8/300H Series, the H8/3048 Series is a series of single-chip microcontrollers with 
on-chip ROM and RAM. This document gives a general description of the H8/3048 Series. 


The H8/3048 Series includes the H8/3048, H8/3047, and H8/3044, which differ in their ROM 
and RAM size. All three chips provide many of the peripheral functions required in system 
control, including a DMA controller, an interrupt controller, a bus controller, a refresh 
controller, a powerful set of timers, a serial communication interface, an A/D converter, a D/A 
converter, realtime port output, and I/O ports. These on-chip resources enable high- 


performance systems with advanced functionality to be implemented easily. 


The H8/3048 has a ZTAT™®* (zero turn-around time) version with user-programmable PROM 


on-chip. 


Hitachi is endeavoring to provide a full, efficient development environment for microcontroller 
application systems. In addition to a C compiler and other support software, the environment 
includes a realtime emulator (E7000 Series) that can be connected to workstations in a local 


area network. 
Related manuals: 


For hardware information about the H8/3048 Series: 
H8/3048 Series Hardware Manual (No. ADE-602-073) 


For information about the H8/300H Series instruction set: 
H8/300H Series Programming Manual (No. ADE-602-053) 


Notes: * ZTAT is a registered trademark of Hitachi, Ltd. 
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Section 1 H8/3048 Series Features 





Advanced H8/300H CPU 


General-register machine 
— Sixteen 16-bit general registers (also useable as sixteen 8-bit plus eight 16-bit general 
registers, or eight 32-bit general registers) 


High-speed operation for realtime control 
— Maximum clock rate: 18 MHz (oscillator frequency: 18 MHz) 
— High-speed arithmetic operations (times below are at 18 MHz) 
8/16/32-bit register-register add/subtract: 111 ns 
8 X 8-bit register-register signed multiply: 778 ns 
16 x 8-bit register-register signed divide: 778 ns 
16 x 16-bit register-register signed multiply: 1.221 ps 
32 X 16-bit register-register signed divide: 1.221 ps 


Speed-oriented instruction set 

— 62 basic instruction types 

— 8/16/32-bit data transfer, arithmetic, and logic instructions 
— Signed and unsigned multiply and divide instructions 

— Powerful bit manipulation instructions 


— Instruction length: 2 to 10 bytes 


Maximum 16-Mbyte linear address space 
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On-chip ROM and RAM 


ROM RAM 
H8/3048 128 kbytes 4 kbytes 
H8/3047 96 kbytes 4 kbytes 
H8/3044 32 kbytes 2 kbytes 


ROM: masked ROM or PROM 


Bus controller on-chip 

— Address space can be partitioned into eight areas, with independent bus specifications in 
each area 

— Chip select output available for each area 

— 8-bit access or 16-bit access selectable for each area 


— Two-state or three-state access selectable for each area 


Wait-state controller on-chip 
— Selection of four wait modes: programmable wait mode, pin auto-wait mode, and pin 


wait modes 0 and | 


Refresh controller on-chip 

— Selection of DRAM refresh, PSRAM refresh, or interval timer function 
— Directly connectable to 16-bit-wide DRAM or PSRAM 

— Selection of 2CAS or 2WE control 

— Programmable battery-back-up mode and refresh interval 

— CAS-before-RAS (CBR) refresh 


DMA controller (DMAC), 4 channels on-chip 

— Selection of short address mode or full address mode 

— Can be activated by internal interrupts 

— Four memory-I/O data transfer channels or two memory-memory data transfer channels, 
independent of the CPU 

— Selection of burst mode or cycle-steal mode for auto-requested memory-memory 
transfers | 

— Repeat mode selectable for each channel in memory-I!/O transfer 


— Block transfer mode selectable in memory-memory transfer 
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16-bit integrated timer unit (ITU) on-chip 

— Five 16-bit timer channels on-chip 

— Up to 12 pulse outputs (with maximum 55.6-ns resolution at 18 MHz) 

— Up to 10 pulse inputs can be processed 

—- Automatic counting of two-phase encoder output (phase-counting mode) 

— Can output three complementary PWM waveforms (PWM mode, complementary PWM 
mode, reset-synchronized PWM mode) 


Programmable timing pattern controller (TPC) on-chip 

— Maximum 16-bit pulse output, using ITU as time base 

— Output triggering selectable in 4-bit groups | 

— Non-overlap intervals can be set between different pulse outputs 


— Selectable timing source (timer) 


Watchdog timer (WDT), 1 channel on-chip 


— Selection of watchdog timer or interval timer function 


Serial communication interface (SCD, 2 channels on-chip 
— Selection of asynchronous or synchronous mode 
— Multiprocessor communication function built-in 


—~ Smart card interface built-in (1 channel) 


10-bit A/D converter, 8 channels on-chip 

— Selection of single or scan mode 

— Sample-and-hold function 

— Can be externally triggered 

— Conversion range programmable at reference voltage pin (VpgF) 


8-bit D/A converter, 2 channels on-chip 


Eleven I/O ports 
— 70 I/O pins, 8 input-only pins 


Interrupt controller 
— 7 external interrupt pins (NMI, IRQg to IRQs) 
— 30 internal interrupt sources 


— Three-level prioritization available 
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Seven operating modes 

— Expanded 1-Mbyte mode with on-chip ROM disabled, 8-bit bus 
— Expanded 1-Mbyte mode with on-chip ROM disabled, 16-bit bus 
— Expanded 16-Mbyte mode with on-chip ROM disabled, 8-bit bus 
— Expanded 16-Mbyte mode with on-chip ROM disabled, 16-bit bus 
— Expanded 1-Mbyte mode with on-chip ROM enabled, 8-bit bus 
— Expanded 16-Mbyte mode with on-chip ROM enabled, 8-bit bus 
— Single-chip advanced mode (1-Mbyte mode) 


Power-down modes 

— Sleep mode, software standby mode, hardware standby mode 
— On-chip module standby function 

— On-chip gear (clock-dividing) function 


Clock oscillator on-chip (1:1 oscillator) 


Package 
— 100-pin plastic QFP (QFP-100B, TQFP-100B) 
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Section 2 Pin Arrangement and Functions 
2.1 Pin Arrangement 


100-Pin Plastic QFP (QFP-100B, TQFP-100B) 


OCAy/Ay/CSy 
OCB,/Az/CSz 
OCA,/An3/CS, 
OCB)/TCLKD 


OCBy/ Az, 
OCAd/TCLKC 


93 [__] PAg/TPo/ TEND g/TCLKA 


94{__] PA,/TP,/TEND ,/TCLKB 


100 |__] PA/TP7/T 
gg {__| PAg/TP./T 
98 |__] PAs/TPs/T 
97 |__] PA,/TP4/T 
96 |__] PA3/TP4/T 
95 |__J] PA2/TP2/T 
91[__] P8/CSo 

90 [__] P8/CS,/IRQ3 
g9{__] P8/CS,/IROQz 
ga{__]| P8,/CS,/iRQ, 
87 |__] P8/RFSH/IRQ 
85 |__| P77/AN7/DA, 
84|__} P7¢6/ANg/DAg 
83 |__] P7s/ANs 
g2{__] P74/AN, 
811__]} P73/AN3 

80 |__} P72/AN2 

78 |__]} P7o/ANo 


TIOCA,/TPs/PBy [_] 2 
TIOCB,/TP,/PB, [_]3 
TIOCAYTP4/PB, [__] 4 
TIOCB,/TP; ;/PBg [_]5 
TOCXA,/TP1/PB, [_] 6 
TOCXB,/TP,4/PB; [__]7 
CS7/DREQ o/TP14/PB, [| 8 
ADTRG/DREQ,/TP,</PB, [__] 9 


72 |{_] P6,/LWR 
71 [_] P6,/HWR 
70 |] P6,/RD 
69 [_] P6,/AS 


66] | EXTAL 
QFP-100B 


TQFP-i100B 
(top view) 


TxDp/P9q [| 12 
TxD,/P9, [7] 13 
RxD/P9. [__} 14 
RxD,/P9, [_} 15 
IRQ,/SCKy/P9, [_] 16 
IRQs/SCK,/P9, [_} 17 
Dy/P4, [_} 18 

pyP4, [_] 19 


60 [__] P6./BACK 
59 [__]P6,/BREQ 
58 [__] P6o/WAIT 


D/P42 |_|} 20 
D,/P43 |_| 21 


p,/P4, [—] 23 
D./P4, [—] 24 
D,/P4, [_] 25 


D7/P47 [_] 26 
Dg/P3 [__] 27 


Dio/P32 [__]} 29 


D,,/P33 [__] 30 
D,/P3, [_] 31 
Dya/P3, [__] 32 


D,4/P3, [_| 33 
D,</P37 [__] 34 


A,/P13 (__] 39 
A/P1, [__] 40 
A-/P1. [_] 41 
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A7/P17 [__] 43 


Ag/P2o [1] 45 
Ao/P2, |__| 46 
Aio/P2> [_] 47 
Ay;/P23 [|__| 48 
Ay2/P24 |_] 49 
Aya/P2s [(_| 50 


56[ | P5a/Ay9 
55[ | P5a/Aig 
54{ | P5q/Ay7 
53 [ _] P50/A46 
52 |__| P27/A45 
Bit | P2g/Aq,g 





2.2 Pin Arrangement in Each Mode 


Pin Name 


CC Voc 
PB)/TP,/TIOCAg NC 
PB,/TPo/TIOCB, NC 
PBo/TP;/TIOCA, NC 
PB,/TP,,/TIOCB, NC 
PB,/TPy/TOCXA, PB,/TPyo/TOCXA, NC 
PB</TPy/TOCXB, PB,/TPy4/TOCXB, NC 


PB,/TP4/DREQ,/CS, PByTPy4/_ |PBe/TPy4/_ | PBe/TPy4/ NC 
IDREQ,/CS7| DREQ,/CS, 


Q 


PB,/TPg/TIOCA3 
PB,/TP9/TIOCB3 
PB./TP9/TIOCA, 
PB,/TP,,/TIOCB, 


DREQ, 


OIin | oO};a;,e 1} O TN] — 
QO 








2 


27 pe | P| EO 


< 
n 
7p) 

< 
” 
16) 


+ 
= 
m 
9 


28 

29 Dio Dio P3, EO, 
32 | Dis ——:* EOs 
33 Dis Dix P3, EO, 
35 Voc | Voc Voc 


Note: * Following a reset, these pins function as P47 to P4, in modes 1, 3, 5, and 6, and as D7 to Dy in modes 2 
and 4. These functions can be changed by software. | 
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Pin Name 


Pin No. | Mode 1 Lame | eee | Miles | pet | ee | Seer ee Mode, 


36 | P1o/Ag EAy 
37 | = a | P1/A, EA, 
38 A> P1o/Ao Pt, EAp 
39 Ay EAy 
40 a | | Pis/Ag Pi, EA, 
a1 Pio/As | Pt EAs 

ee 7a ee EAs 
43 EAy 
44 Vss 
45 EAg 
46 Ay | Pap | P| COE 
47 P2p_ | EAto 
48 AY Pag | EAy 
49 Arg PAA | Py | EA 
50 Aig | P26/Ars | P2, EAi3 
51 Avg Pag | EA 
eof lg || 


Tn 
& | 
mag ag 
“1m 
U 
on 
< 
Q 
oO 


P5d/Arg 
P5,/Ay7 
P5,/Aig 
P5a/Ar9 


50 Voc 


or | Oi 
oO ;,o 
ate 
oOo fo 
O1 
Mo jm 
Zz 
O 


o1 
© 
itt 
co) 
7) 
ul 
” 
7) 
m 
aa 
nn 


on 
N 
aI 
On 
w 
Zz 
QO) 


P6/WAIT 


a a a NC 
a NC 
61 Ace Sara NC 
2 Vss 
pS ES 
tt EAs 
2 Vss 
NC 





(op) 
NJ 


inh 
> 
- 
Zz 
.@) 


[e)) 
[ee] 


= 
pee ~< 
5 |5 |S |e alae |s 
= Dl | ae ie 

pee 

= 

DI | D 

“3 

ox 

nn 

Zz 

Q 


~J 
Ba 
oO 
oO 
<> 
” 
wn 


¢p) 
< 
© 
QO 
7 
o> 
wo 
Pat 
\@) 


[o>] 
© 


Zz 
.@) 


NJ 
© 


qi 
Z 


NIN 
ow |r 


~ 
ol 
4 
uw) 

ia’) 


MD>, Vss 
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Pin No. 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 


98 


99 


100 


Pin Name 


Mode 1 


m iO 
nn 10 


OQ 
\?) 


P7)/ANo 
P7,/AN, 
P7,/AN> 
P7./AN3 
P7,/AN, 
P7./ANs 
P7,/ANg/DAg 
P7,/AN,/DA, 


> 
| 
n 
on 





5 


P8,/RFSH/IRQ, 
P8,/CS,/IRQ, 


P8,/CSp/iRO> 


: 


= 

CO 

5a 

se a 
O 


Vss 
PA,/TPo/TEND,/TCLKA 
PA,/TP,/TEND,/TCLKB 
PA,/TPo/TIOCA(/TCLKC 
PA,/TP3/TIOCBy/TCLKD 


PA4/TP4/TIOCA,/ PAg/TPa/TIOCA,/ 
CS, Aza/CSg 





















PA./TP./TIOCB,/ 


PA./TP./TIOCB,/ 
AzalCSs 


CS, 


PAg/TPg/TIOCAp/ 
CS, 


PAg/TPe/TIOCA>/ 
Ao,/CS84 


PA//TP/TIOCB, Acs 





Twede2 | wodes | Mode | wodes | Modes _ 











| 6S 


VREF 
P7o/AN) 
P7,/AN, 
P7./AN> 
P73/ANs 
P7,/AN, 
P7./ANs 

P7¢/ANg/DAg 
P7,/AN,/DA, 
AV ss 


| P8/AFSH/IRO, P8)/IRQ, 
P8,/CS,/IRQ, P8,/IRQ, 


| PB, /CSa/IROs 
P8/CS,/RO, | 
P8,/CSp 


P8. 


P8. 


= 

ms) 

O 
i) 


PA)/TP/TEND,/TCLKA 
PA,/TP,/TEND,/TCLKB 
PA»/TP2/TIOCAg/TCLKC 
PA3/TP./TIOCB,/TCLKD 


PA,/TP,/ 
TIOCA,/ 


” 
n 

















PA./TPs/ 
TIOCB,/ 
CSs 


PA./TPs/ | PAs/TPs/ 


TIOCB,/ 


| | 
PA,/TP¢/ 
TIOCA, 

Acs PA/TP2/ 
TIOCB, 


PA/TP2/ 
TIOCB, 
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D |e 
© kD 
© 
GW 


Mode 7 |PROM Mode 


Voc 
Vec 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
Vss 
EAi6 


PGM 


NC 
NC 
NC 
Vss 
NC 
NC 
NC 
NC 
NC 


NC 


NC 


NC 


2.3 Pin Functions 


Type Symbol Input/Output Function 
Power | | cc Power supply, connect to +5-V supply 
Ss Ground, connect to 0-V supply 
Clock External crystal resonator 


External crystal resonator or external clock input 


Output System clock 


i°/g)alels 
n 

32 
: 


| System control RES Reset input 
RESO | Output Reset output 
STBY }input Standby 
BREQ }input Bus request 
Bus request acknowledge 
Address bus Address bus 
Data bus Data bus 
Bus control AS | Output | Address strobe 
| CS; to CSp Output Chip select 
LWR Low write 
HWR High write 
(RD Output Read 
| WAIT Wait 


DB 
7 
op 
<= 


Refresh controller Refresh cycle 

Row address strobe (RAS) 
Column address strobe (CAS) 
Write enable (WE) 


Output Upper write (UW) when DRAM is connected to 
area 3 


7 | 
¢) 
wo 


Upper column address strobe (UCAS) 


Lower write (LW) when DRAM is connected to 
area 3 


= 
Be) 


Lower column address strobe (LCAS) 
Interrupt signals 


a 
| 
D 


Nonmaskable interrupt request 


| 
| 


D 
O 
=) 
Oo 
a) 
O 
a 


Interrupt request 0 to 5 
DMA request 1 and 0 
DMA end 1 and 0 








DMA controller 


S) 
D 
m 
£ 
S) 
D 
m 
O 
oO 





+ 
m 
z 

9g 
4 
m 
z 
O 

oO 


Operating mode MDs to MDy Mode select 
control . 
16-bit integrated TIOCA, to TIOCBy | Input/output Input capture/output compare 
ue an TCLKDtoTCLKA | Input | Clock input D to A 
TOCXA,, TOCXB, | Output Output compare (or PWM output) 
Programmable TPi5 to TP9 Output Timing pattern output (pulse output) 
timing pattern 
controller 


omvh, 
> 
+ 
— 
©) 

?) 

J 


Serial Transmit data (SCI channels 1 and 0) 
i ae | RxD,,RxDo | Input Receive data (SCI channels 1 and 0) 

/ | SCK;,SCKy | input/output Serial clock (SCI channels 1 and 0) 
A/D converter | AN7toAN) =| input Analog input 


| ADTRG | input A/D converter external trigger input 


A/D converter power 


A/D converter ground 


om };O 
nm 10 


VREF | input A/D converter reference voltage input 
D/A converter | DA1, DAO Output D/A output 


AVcc | Input D/A converter power supply 
AVss : Input D/A converter ground 
Vaer ! Input D/A converter reference power supply 


I/O ports P17to Pig input/output Port 1 
P27 to P25 | Input/output | Port 2 
P37 to P3p | input/output Port 3 


| P6, to P6 | input/output | Port 6 
| P77 to P7 | input | Port? 
P8, to P8y Port 8 


PQs to PQ input/output Port 9 
PA? to PAg | Input/output | PortA 


| PB; to PBy ' input/output ; PortB 
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Section 3. Block Diagram 


iagram 


Internal Block D 


® 
i") 
did = 
gig 2 
Ye aeae i= 
avd aid@ddcddad Hore ~ 
<<<esse5 2 VSS SASS SS8S55 
NNANNN SO rrrerrr bend AaOaonNn Oo; 
Qaaqdcaaqaaagana aqaagaaan Qa adkaan a 
A A 
eee ec: met eeeaG tttttl 
a 






ptr tofhy cies: eeertw oeemeee 
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Section 4 CPU 


The central processing unit of the H8/3048 Series is the H8/300H CPU, a high-speed CPU 
with 32-bit internal data paths and an architecture that is upward-compatible with the H8/300 
CPU. The H8/300H CPU has sixteen 16-bit general registers and can address a 16-Mbyte 


linear address space. 
4.1 Registers 


As shown in the following diagram, the H8/300H CPU has general registers and control 
registers. The general registers are configured as eight functionally identical 32-bit registers 
that can be used both as address registers and data registers. The control registers include a 
24-bit program counter (PC) and an 8-bit condition code register (CCR). 


CPU Registers 


Legend 


Stack pointer 
Program counter 
: Condition code register 
Interrupt mask bit 
User bit or interrupt mask bit 
Half-carry flag 
User bit 
Negative flag 
Zero flag 
Overflow flag 
Carry flag 
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General Registers 


The eight 32-bit general registers are all functionally alike and can be used as both address 
registers and data registers. When a general register is used as a data register, it can be 
accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used as 

32-bit registers or as address registers, they are designated by the letters ER (ERO to ER7). 


The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and 
R (RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit 
registers. The E registers (EO to E7) are also referred to as extended registers. 

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) 
and RL (ROL to R7L). These registers are functionally equivalent, providing a maximum 


sixteen 8-bit registers. 


The following diagram illustrates the usage of the general registers. The usage of each register 
can be selected independently. 


Usage of General Registers 


31 0 


* 32-bit registers Ss 
(address registers, = ; nan 
data registers) fo) 
ts 0 15 0 
* 16-bit registers E registers (extended registers) R registers 
(data registers) EO to E7 RO to R7 


7 0 7 0 
° 8-bit registers RH registers RL registers 
_ (data registers) ROH to R7H ROL to R7L 





General register ER7 has the function of stack pointer (SP) in addition to its general-register 


function, and is used implicitly in exception handling and subroutine calls. 
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Control Registers 


Program Counter (PC): This 24-bit counter indicates the address of the next instruction the 
CPU will execute. 


Condition Code Register (CCR): This 8-bit register contains internal CPU status 
information, including the carry (C), overflow (V), zero (Z), negative (N), and half-carry (H) 
flags, interrupt mask bits (I, UI), and user bits (U). 


Bit Symbol Bit Name Function 


Bit 7 | Interrupt mask bit Masks interrupts other than NMI when set to 1. NMI is 
recognized regardless of the | bit setting. For information 
on interrupts see 4.8, Interrupts. ; 


Bit 6 Ul User bit or interrupt Can be written and read by software. This bit can also be 
mask bit used as an interrupt mask bit. 
Bit 5 H Half-carry flag When an add, subtract, or compare instruction is 


executed, this flag is set to 1 if there is a carry or borrow at 
an intermediate bit, and cleared to 0 otherwise. The 
intermediate bit is: 


ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, NEG.B: bit 3 


ADD.W, SUB.W, CMP.W, NEG.W: bit 11 
ADD.L, SUB.L, CMP.L, NEG.L: bit 27 
Bit4 U - User bit Can be written and read by software. 
Bit 3 N Negative flag Indicates the most significant bit (sign bit) of data. 
Bit 2 Z Zero flag Set to 1 to indicate zero data, and cleared to 0 to indicate 


non-zero data. 


Bit 1 V Overflow flag Set to 1 when an arithmetic overflow occurs, and cleared 
to 0 at other times. 


Bit 0 C Carry flag Set to 1 when a carry occurs, and cleared to 0 otherwise. 
Used by add instructions to indicate a carry, subtract 
instructions to indicate a borrow, and shift and rotate 
instructions to store the value shifted out of the end bit. 
The carry flag is also used as a bit accumulator by bit 
manipulation instructions. 
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4.2, Data Formats 

The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit 
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n = 0, 
1, 2, .... 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data 
as two digits of 4-bit BCD data. 


General Register Data Formats 


Data type General register Data tormat 
7 0 


‘eitdata 7fels}s]sfe| fo 


{-bit data 
4-bit 
BCD data 
4-bit 


BCD data 


Byte data 
Byte cata 


Word data 


Word data 


Longword 
data 
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Memory Data Formats 


Data type Address Data format 


{-bit data Address L 


Byte data Address L 


( Address 2M 
Word data < 
\ Address 2M + 1 


f  Address2N |MS 


Address 2N + 1 
Longword data <, 
. Address 2N + 2 


| Address 2N+3 


Note: Word data and jongword data must start at an even address. 
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4.3 Addressing Modes 


The H8/300H CPU supports the eight addressing modes listed in the following table. 





Addressing Modes 
No. Addressing Mode Symbol 
1 Register direct ; Rn 
2 Register indirect @ERn 
3 Register indirect with displacement @(d:16,ERn)/@(d:24,ERn) 
4 Register indirect with post-increment @ERn+ 
Register indirect with pre-decrement @-—ERn 
5 Absolute address @aa:8/@aa:16/@aa:24 
6 Immediate #aa:8/#aa:16/#aa:32 
7 Program-counter relative @ (d:8,PC)/@(d:16,PC) 
8 Memory indirect @ @aa:8 


Note: Data transfer instructions can use addressing modes 1 through 6. 


Effective Address Calculation 





ie, tl Addressing Mode Effective ! Effective 

' : Register direct (Rin) | | Operand is general register 
3 | contents 

2 Register indirect (@ERn) : ? | 23 Q 





Se 
3 Register indirect with 


i 
| | 
L waa me 
| displacement 
t ! 
| 


@(d:16, ERn) or @(d:24, ERn) 31 0 | 












Register indirect with post- 
increment or pre-decrement 


| 
| 
| 


¢ Register indirect with 


| 

Ea ae eo ree Oe oe Oe 
| 
post-increment @ERn+ 
| 
{ 


| ae Fae wececerretetece: D h.. cs vt 
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Na. 3 Addressing Mode Effective | Effective 


3 and Instruction Format | Address Calculation | Address (EA) 
4 ' e Register indirect with 3 0 ! 
me pre-decrement : 





1 for a byte operand, 2 for 
a word operand, 4 for a ljongword 
' operand 


Mere ee es I ee ee ee nn ead a ca ~—_—. — ee _ a 


5 | Absolute address | 
'  @aa:8 








6 Immediate 


2 HXX:8, #XX:16, OF #XX:32 | Operand is immediate data 








| 

| 
oats a = “ —- Saearoeee + Se eae 
7 _ Program-counter relative | | 
@(d:8, PC) or @(d:16, PC) _ 3 0 


! 


ae. = sseagicamanceciesl att 

















8 : Memory indirect @ @aa:8 | | 
| | 
Legend 
r,rm,rn: Register field 
op: Operation field 
disp: Displacement 
IMM: Immediate data 
abs: Absolute address 
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4.4 Instruction Set 
The H8/300H CPU has a set of 62 types of instructions with the following features. 


Features 

¢ General-register architecture 

° 8/16/32-bit data transfer, arithmetic, and logic instructions 
Data transfer instructions and basic arithmetic and logic instructions can operate on byte 
(B), word (W), and longword (L) data 

e Signed and unsigned multiply and divide instructions 

e Powerful bit manipulation instructions 

e High-speed operation 

Assembler Format 


The following example illustrates the ADD instruction. 


Destination operand 


Source operand 


Mnemonic 
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Instruction Set 







Mnemonic 





Operand Size | 
No. of States 


Operation | 


Data |MOVBixxe.Rd [Bixee Ros et tT TE Tt Tt] [Jol] 2 | 








‘|transter | MOVBRsRd ss ||B| RsBa RB —“(sts‘“‘“C;S*S;*;*;*C*C*S#«CV2U:«T«Ts«dT:sdTsdT fT ++] tt fo] 2 | 
instruc: |MOV.B@ERsRd  |B|@ERsz Rod  ———Csé‘L:«S|:«s' | | | | | | [Te T+] t/t [ole] a | 
jtions  — [MOv.B @(4:16,ERs)Rd |B] @a:16ERs)z ROB C*d;:CiLsC*dT:«sid' sd] TT | | +++ tt fol-] | 
| | MOV.B @(d:24,ERs),Rd |B] @(:24ERs)x Rep Ci;:CSS:CT;:s'|;s | ] | | [+d J—] 2] tJ 0|—I10 | 
[MOV.B@ERs+,Ad «(| B| @ERsa RdB,ERsviz ERs sss} | | | [2] | | Td [-/-T-s¢|t/ol-] 6 | 
|MOV.B@aa:3Rd |B| @aase ri | | | | | fal | | ert? it{ol- «| 
[MOV.B@aai6Rd |[Bl|@aatse Ro | | |i | fat | | f-y--ttl?lol-le | 
[MOV.B@aa:24Rd |B|@aadde Ros ss — ss | | | | dt stot] | | t+i-/—[t]? /ol-/ 8 | 
|MOV.BRs.@ERd |B/Rs8z @ERG  ——Cti—“C;i‘idT CS }«édtett ST | | | | Fe -J-] 2 tf ol-) | 
| MOV.BRs,@(d:16,ERd) [B|Rs82 @d:16ERd | | | fai | | | | —| +1 ¢{oj—| 6 | 
| MOV.BRs,@(:24.ERd) |B| RsBe @(:24ERd | | i tal | | | [| i-s—[t[t/ol-h10 | 
/MOV.BRs,@-ERd «(BI ERd1xz ERG RsBz @ERG | *'| {| | fat | | | [-i-/-/t/2{o[-] 6 | 
|MOV.BRs,@aa8_—s«|[ Bi Rs@z Gare — C—“‘;‘YS*;C;CT:CST«sCtentt fT | (Tt toe] 
[MOV.BRs.@aaié ss |B Rssa @aaie = ( C“(itiéiaT;CST;sC‘i|:«SdLT:«S*dE«sCsdt TT |+-J— tt Jol | 
[MOV.BRs.@aa24 ss | BI Rs8z @aaze ts —(tststs*i‘a;ST CTC] S| Co} | | J—}-J—} 2 | tJ ol—] 8 | 
PMOVWixxt6.Rd  [Wlaxtez Rite Cid AT TT | TT] | e+] 2 to |—) 4 | 
MOV.W Rs,Rd wi Rsti¢z Rip tT TT TT | eH tI Joe} 2 | 
[MOVW@ERsRd ss |W| @ERsa Raion = es s—“(‘(‘C*SsT:SCdCt rt OT TT | | TI tole a | 
|MOV.W @(d:16,ERs) Rd |W] @@:16ERs)e Rais = (ssC‘i;:CS|«ST:s't| | |] | +E [tol] 6 | 
Wl @@:24eRs)z Rie = (CT tT | fy | TT | T+ I (t Jo|-}io | 
|MOV.W @ERs+Rd__—s[W| @ERsa Rdi6,ERsv2z ERs _—Ss| | | | [2] | | | --+-s-(titlol-| e | 
|MOVW@aaieRd |W|@aaiee Rdie sss st | | tT | fay | | [--E- {2 {t Jol] 6 | 
MOV.W @aa24Rd  |W| @aa2ae Roto = “<a CT | | | fot | | [--] t[t fol-] a | 
|MOVWRs.@ERd_ _—s[W| Rsi¢az @ERG = es C—Ctéié‘aL:«SdG:«Cit kt | TT | T/T | tole] a 
MOV.WRs,@(d:16,ERa) |W|Rsige @16ERd) ss | | | ta] | | | | EH} ]e Jol] 6 | 
MOV.WRs,@(4:24.ERd) |W] Rsige @:24ERd —s| |_| ial | | | | s+]? {s/o[-h10 | 
|MOVWRs,@-ERd _—s||W|ERd-2a ERd, Rsig6e @ERG Ss | | | | [2] | | | dT]? [tlol-} 6 | 
|MOVWRs,@aaié  —-|W|Rstéz @aate = CECT | ST | st | | TET} 4 [tJ ol-+] 6 | 
|MOVWRs.@aa:24 |W Rsi6z @aa2a i s—“(‘“‘;é‘s;S;CT:C;:«CT:«sédtt | fs Ts [-]-]-] tt Jo [-] 8 | 
|MOV.L #xx:32.ERd ss {Li axx32a ERG2 ti‘; | «TCT TT | EE I-] t/t Jo[-} 8 | 
|MOVLERSERd  _—s {LJ ERss2ez ERG2—— (ei(tC*~“‘LS*SC2zdtCsTC*SE:CST:sdTsTs | EE -]t | t Jo] 2 | 
|MOV.L @ERs,ERd_  —s[|L| @ERse ERB2 (“aes C“(‘W CC Ct TT TT OT T-/-T-Ui I]t ]ol-] a | 
| MOV.L @(d:16,ERs)ERd|L| @:16,ERs)e ERG2 ss (“<$s(sSSCéd;:«ésd|s«sd|:«és'te | TT OT | [-J-]-] 2 | tJ o[-fi0 | 
| MOV.L @(d:24,ERs),ERd|L| @(d:24ERs)e ERS2 — CTC| S| sto] Ts TTT [TI] | ¢ fo[eyia | 
|MOV.L @ERs+ERd | L| @ERsz ERG32,ERsH4e ERs _—s| '| | | fai | | | [-j—|-[2]t]ol—fi0 | 
|MOVL @aa:16ERd |[L| @aaiez eRe | | | | { fel | | -i-|-Jt]tlo[-]io | 
|MOV.L @aa24ERd  |L| @aao4e ERG2 Ss “$es“‘(‘sCTCS| S| Cs] «| st | | [JJ] tt foley | 
|MOVLERS@ERd [Li eRss2ez @ERA =i “<sea‘(sC~“‘éi‘L:C*SLT«CdSTT:C*dT:sdTsTsSTs Ts (eT J-J tt [o[-] 8 | 
| MOV.L ERs,@(:16,ERd)|L|ERs32e @(:16ERd) —Sss—sd|«| «| ste] | | | | [-l—|-] t/t} o[—hio | 
| MOV.LERS,@(d:24,ERd)|L]ERs322 @(:24eRd ss | «| «st sso] | | | | [-J—T-} 2 | toler | 
|MOV.LERS,@-ERd _—s[ L| ERd-4z ERG ERss2z @ERG  _—s|'| | '| fal | | [ [ll]: +]o/-10 | 
|MOV.LERs,@aaté | LIERss2ez @aate == “s—Ci] | | | CT fo] | | J+ /-J—]2 | 2] 0-10 | 
|MOV.LERs.@aa:24_ | LI ERs32e @aazg —“(‘(RS*s;CTCSTSCdT sft | | [--T- [2 |] offi | 
|POPWRd WI @SP+e Rote sC—“‘;‘;C‘*drTSTCéCet ] TT | | [+E Te [Jol eo | 
Rsi6 x _@-SP || fet | tT tT fT Ee}? | t[o[H] 6 | 
|POPLERd —s— “$s (Lk @SP+e eRe (SCT Ct | | TT | [-I--] 2 | [ole] 8 | 
|PUSHLERs —s—“ss|L ERss2z @-sPo— —“‘CSC*sT:C*CSLCtATCSLCTCSTsTsdTs [J] Jt [to [-} 8 | 
| MOVFPE@aa:i6,Rd_ _| B | Cannot be used in the Ha/3048 Series | | | | | | | | | [-|——|—[-/-/-|— | 
| MOVTPE Rs, @aa16 | BL Cannot be used in the H8/3048 Series PT tT Et EL RAFF -I--1—- | 
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Addressing Mode and 
' Instruction Length a 
Condition Code 


| ..|.° V 
uw 
© 8/9 


| | else next 
Arithmetic | ADD.Bixc8Rd | B| RoSH#xx:Be ROB tT TT TT sities 








Mnemonic 





Operation 












Operand Size 
@aa 


(d: ,PC) 


Rn 
Pe(a:.ERn) | 
@aa 








uw | No. of States 


EEPMOV.B 
if R4L#0 then 
repeat @ERS 2 @ER6G, ER5+1 & ERS, ER6+1 2 ERG. R4L-1 2 R4L 
until R4L=0 

else next 
}EEPMOVW | 
if R440 then 

repeat @ER5  @ER6, ER5+1 2 ER5, ER6+1 2 ER6, R4—-1 2 R4 
until R4=0 


| Block 
| transter 
| instruc- 
} tions 
















t 

| instruc- [ADD.BRsRa  —ss| B| RoaeRsBae ROBT tt TT | TTT itt cia ta te 2 | 

jtions | ADD.WtctoRd |W Rdtévoctoe RoG At TT TT TT a ttt a 

: |ADD.WRsAd ss |W RdieeRsig Roig =| sft TT a ft tt tlt 2 | 
PADD.L#xx32,ERd | LL ERGS2+#oca2e ERGG2 | TT | | |] | | Jateietets| 6 |. 
JADD.LERSERG | L[ ERGI2xERSB2z ERGs2 st st | | | | | ida sitieis) 2 | 
FADDX.Bixx:8Rd |B RdBrixcteCe Rost | TT TT tT t+f-I ttt [a [tts] 2 | 
|ADDX.BRsAd | B| RogeRsvca RBs TTT TT di ia [tte] 2 | 
[ADDS #1ERd TL ERGG2ste ERDS2 Tt TT TP + -}—}-}-|-|—] 
JADDS#2,ERd TL ERGSQv2e ERGS2 tt tt TT JJ} 
L{eRdse4ae ernds2 ttt TT || 
FINC.BRd [Bi Rowe ROB ft TT TT Ee ttf 2 | 
INCWHLRG [WI Rdiéetae Rots tt TT TT Tf tt tt] 2 | 
FINC.W#2Rd WI Rdiée2e Rote tt TT Tt ttt | 2 | 
INCL#LERG ss [LL ERagas2e ERGG2 tet tT TT —|t 1 t/t |— 
FINC.L#2,ERd ss | LL ERGSQx2e ERG? | PTT Jil ttt ey | 
|DAARG LB RoBdecimaladuste ROB | ft | | tT TT tT Jd itt ital 2 | 
|NEGBRd TB ORdBe ROB tT TT itis tity 2 | 
|NEGWRd s|Wilordtee Rote tet TT) ta ttt) et 
|NEGLERG [LI] O-ERG32e ERGG2 st | |~l~lai tis} ts 
|SUB.BRsRd ss |B Ros-AsBe Rs —l-| ti ttstss} 2 | 
|SUBWixct6Rd |W] Rdté-wectoaz Ro6 AT TTT TE ET fa ttt ttt a | 
|SUBWRs,Rd [wi Rdte-rsigaz Rots ttt TT TT TT ta [titty sy 2 | 
| SUB.L #oc32.ERd | L | ERG32pocs2e ERG? | | | | | atti titi tt 6 | 
|SUB.LERsERd | L | ERd32-ERs32a2 ERds2 tC | | t—l—laleit itt 2 | 
SUS Bond __/ 8} Adb-anct-C.p Age _tal_ | {| iit ttt ia itt st 2 | 
|SUBX.BRsRd | B | Rd8-Rs8-C x _Rd8 | fat tT ET TT edt [sists] 2 | 
|SUBS#1,ERd [LL eRds2-tez eRas2 CTs —|—|—| 
|SuBS#ZERd ss [LL ERds2-2e eRe tft | | TT tf [-T-/-J-/-/-/-] 2 | 
[SUBS #4ERd | L | ERGS2—4e ERGs? ft TT TT | ----/-/-[— 
}DEC.BRd = BR Rept Ros fet TT ET TT FE-E-Ts Ee [tf 2 | 
|DECW#IRG [Wi Rate-te Rds tft TT TT | E--E-T tie [tet 2 | 
|DEC.W#HARd sss |wi Adie-2e Rae Tt TT TT TT -T-eTt [it [tie 2 | 
DEC.L#LERd ss | LL eRd32-te ERGs? tt TE ET TT [-T-F-T it [tt i-] 2 | 
|DECL#ZERG sss | LL ERos2-2e ERose2 sft tT TT TTT JT [ttt] 2 | 
|DASRd ss | RoBdecimaladuste RdB_ | tt | | TT | | iT tt] [2 | 
|CMP.Béxx:8,Ad |B] RoBi et TT TT Tt ttt st] | 
|CMPBRsRd Ss [Bi Rdp-RsB tet TTT iste titi 2 | 
PCMPWixx:16Rd |W] Ratéocte tt TT TT TT ta tite ted a | 
|CMPWRsRd [Wi Rate-Asig fet TT TT fait tists 2 | 
PCMPL#xx:32,.ERd | LL ERGS2-ogz2_ | TTT TT TT [Ta [tit [ets] eo | 
|CMPLERsERd [| eRdse-ersze fet TTT TT feats t ett 2 | 
|MULXU.BRsRd || B| RosyRsBe Rdg | et TT TT TT fff | 
|MULXUWRSERG |W | RatevAsio6a ERG? tft TT TT fJ--]-|—[—f2 | 
ina i CECETTTT FREE 

H: remainder, L: quotient 
DIVXU.W Rs,ERd W| ERd32+Rs16 2 ERd32 —| 22 

| (E: remainder, R: quotient) | / 
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Addressing Mode and 
Instruction Length . ae 
Condition Code 

. * 
° Operation x % 
7) E|® ~ 8 
z aie! |e an 
6 e218 V 5 
5 Gi {3/'T| S/Sle E 
re) 8/9/G/9/O/®O z 

Arithmetic [/MULXS.8 Rs.eRd _[B | RébyAs@-e Rate —_} 4) 1 {7 { {1 a es 


[MULXS.WRsERd |W] RdtevAsi6z ERG? Tt] TP ee tt 


DIVXS.B Rs,Rd eg Rdi6+Rs8 2 Rdi6 ae erica! 
H: remainder, L: quotient 


_ instruc- 
tions 





Laila ooo A MG 
E: remainder, R: quotient 
TEXTUWRd «|W | RB zeroextensionag Rdi6 == | | | | | | dT | [+H tt lol] 2 | 
TEXTULERd ss L | Rdt6zeroextensionn ERGS2 Ss ss] «st | | | | | | [ete I—1 tt ol—] 2 | 
TEXTSWRd sss |W Rd Bsignextensionag Rie =“ | s2] | | | | | | I}-+-I—1t {tl} ol-] 2 | 
TEXTSLERG ss L | Rdt@signextensinz ERd32 sss “§s—Sid| 2] | | | | | | I-Ie | tlol—| 2 | 
Logic | AND.Bioxc8.Rd  —§_s| B| Rd8Y#uc:8 2 Rds 2; ft TT TE EE T+} tt Jo [+] 2 | 
instruc- [AND.BRsRd  —s||B| RasvRspe RdB Cti‘a;C«CC2TT | | | | | | LJ] 2 | t]ol-] 2 | 
tions = [AND.W#0ct6,Rd ss |W] RdteYHocter Roe | TT TT TT [---/ 2 | to l—| 4 | 
TANDWRsRd ss |W RdieYRsi6x Roto = (ss Ctsi‘;:«éC tS] | | | | | [+I tI to [—| 2 | 
ERd32¥ #xx:32 2 ERd32 6} | PT TT] ee tI t oH] 6 | 
TAND.LERSERd —»s | L{ ERGS2YERs32az ERdGs2 i (wssCtsi‘L«AT«CT CT CT | CT | [It tole] 4 | 
FOR.Baxx8Ad ss |B] RdBAxxBe ROB CCi‘iCT:«S|CT CT CT | |] +H] | [0 [—| 2 | 
[ORBRsRd  —ss—“$s«S| BL ROBAsBA Ros C“(t;i‘“‘zL:«éCC TCT CT | | TC] Fe] tt Jo [-] 2 | 
FORW#x:t6Rd ss |W RdteAwctez Rate TT TTT TT eet tf l—] 4 | 
[ORWAsRG ss Wi RGeAsiI6e Rote = CTC | TT | | Fe —+T t tol] 2 | 
POR.L#xx:32,ERd | L | ERGS2Auc32e ERG2  =—ss—“$“$‘$NSNSrS(‘(CéizrV YT S| S| | | | | | /-T-/—/2/ t]o|-+] 6 | 
FORLERsERd  —»s | L| ERGS2ERsa2e ERI2 Ss (“st tt | | tT | TT [-te [t/t fo l—] 4 | 
XOR.B#x8Rd Ss |B| Rds xxBae Ros = Ct | TTT TT | Le I—It[tol-] 2 | 
[XOR.BRsRd sss] Rds Asse Rds = eC ss~—=‘(;S«C CT | | | | | ++] 2] ¢[0|-] 2 | 
XORW#oci6Rd  |W{Rdi6 #ctez Rais = | TTT TT EET tt} o[e] 4 
IXORWRsRd sss |W Roe Asi6z Roig = CTC | TT | | | eI tt] o|+] 2 | 
|XOR.L#xx:32,ERd ss | L| ERS2 #xx:s2e ERG2 ss “$SGSsCW#“#G=#SM@|/|| | | | | | Cd] | [-Te+it{tlol-] e | 
IXORLERSERd —»s || L| ERd32 ERs3ze ERGG2 =F s§- «Ss | ft | | | | | | [eis ¢{tlol- 4 | 
INOTBRd ss “ss BL ROS ROB C—<“C~t‘“‘;*s*S*~*sT:Ci CTE TT | | EET t/t oH] 2 | 
Rdié 2 Rdié tat tT Tt TT ee tt fo [—] 2 | 
[NOTLERG ssi “$s#5$#SCSY ML | ERAB2w ERGB2 tt C‘d;Ct TT TT EJ tI tJ] 2 | 
Shit [SHALBRd —s—s| B| RdSshiftarithmeticlette Rod | C2 | | | | | | Fete I-I ttt] 2 | 
instruc- |SHALWRd —s|W| R16 shiftarithmeticlette Rate Ss ss] «(27 | | | | | | [ete] t/t] t/t] 2 | 
tions  =|SHALLERd ss L| ERd32shiftarithmeticlefte ERAS2 —s|«(2| | | | | | | -y—--] titi tit] 2. 
|SHAR.BRd sss] B| RdSshiftarithmeticrightz RoB_ S| st] | | | | | | [-/-/—1 t/t fol et] 2 | 
|SHAR.WRd |W | Rat shiftarithmeticrignte Raie = ss] st] | | | | | | |-}-i—/t/tlolt] 2 
|SHAR.LERd | L| ERG32 shift arithmetic righta ERGB2_——s | «(2] | | | | | | [-tel—}titlolt] 2 | 
|SHLLBRd | B| RdBshiftlogiclette RdB = | tt | | | | | | Jl] tt] oft] 2 | 
|SHLLWRd |W Rat6shiftlogiclete Rate = | tt | | | | CT | [-/-— tt fot] 2 | 
|SHULLERG TL | ERd32shiftlogiclette ERGB2 (| 2] | | | | | | [-t-l-] 2] t{o]3] 2 | 
|SHLR.BRd | B | Rd shift logic right z Rada jet tT tT FEE + Jo] t fof t] 2 | 
|SHLRWRd |W] RdtGshiftlogicrighte Raig = (“sss| «st | | | | CT CT [-}-—loltlolt] 2 | 
|SHLRLERd | L | ERG32shiftlogicrighte ERGB2 ss “§$<#s=C<S‘S(#s«s/2| «| | | | | | l-t-l-Jo|tlo{t] 2 | 
|ROTXLBRd ss“ “ss| BI RdBCrotatelefte RBC CstC‘;:C«C2tTCSTsCs|s| «| |] OT [+I | tll t[ 2 | 
|ROTXLWRd |W ReteCrotatelefte Rates =—— (ss C| «st | | | | | | T-y-l-/ 2 tlolt]{ 2 | 
|ROTXLLERG ss | L| ERB2Crotateleftez ERdZ2CCCsC*dL:«édC2]s | | | | | | [-I-]2[t]o]¢] 2 | 
[ROTXR.BRd ss] B| RdBCrotaterighte RoC CT Ct | | | | | | [+ t-J—/ 2} t] ol] 2 | 
|ROTXRWRd |W Rdt6Crotaterighte RatecC CSTs] | | | | | | Te -J-/ 2] t{olt] 2 | 
|ROTXRLERd sss | L| ERd32Crotaterighte ERAG2C Cs] «sft | | | | | | [lJ t i t{olt] 2 | 
|ROTLBRd  —s—“<$ssB| RdBrotatelefte RGB CTC | TT TT | eT] t/t} 0]? ] 2 | 
[ROTLWRd ss |W Rot rotatelefte Rote = C‘iL:C2t | | | | TT Fe] tt ole] 2 | 
|ROTLLERd sss“ «STL | ERd32rotatelefte ERG2 (eT | | | | | | [JHU tlt jolt] 2 | 
|ROTRBRd ss BB RdBrotaterighte RdB |S] | | | | TCT [-y-l-]t[ t]olt] 2 | 
[ROTRWRd |W Rdt6rotaterighte Rate = (| et | TTT TT [-J—/-}t tlle] 2 | 
ERd32 rotate right 2 ERd32 ae PE EE EE HEF} tt oft] 2 
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Addressing Mode and 


Condition Code 





























Mnemonic 8 Operation Y 

ol s 

3 é $ 

| Bit BSET #xx:3,Rd Bi (ixx3ofRdsy"4# et TT EEE J-J-+] 2 | 
| manipu- | BSET #xx:3, @ERd [Bi (txx3of @ERD "i At TT tt | TT J-/+-]-+-] 8 | 
| lation B | (#xx:3 of @aa:8) “1 Pt tT jay tt EEE I-|+/EJ+J-) 8 | 
ee B | (Rn8 of Rd8) “1 Stet tT tT ty | TEE J+ J+ J-/-I-+] 2 | 
pene BSET Rn, @ERd [Bi (Rn8ot@eRd-1 = —Ctsé‘d:*ésT:«éidts dt TT Tt | [+--+ +--+] 8 | 
| |BSETAn.@aas —s«|B| (RnBof@aaey"i CCC | | 4 | | TH -J-/- +--+} 8 | 
PBCLRaxx:3,Rd | BI (xx3ofRda)0 CT | JI] | 

BCLR #xx:3, @ERd [Bl] (dxx3of@ERd "Ot |S | Tt | J+J T+ -/-] 8 | 

BCLR #xx:3,@aa8 |B (axx3of@aaey-G TT TT tt + }-J—-- +I] 8 

BCLR Rn,Ra [Bi (RngofAday-o CS TT tT | FEE J—J-/-/+-|+-] 2 | 
[BCLRRn@ERG  _—s|B | (Rnsof@ERd “Oo =F—‘“‘“‘“‘CSTCSTC Vt I-III I-| 18 | 
|BCLRAn,@aa8 ss | B| (Rn8of@aas)"oF——s—“‘i‘édrTS*dTC«aT:C*dT:CS|;:«sédt tT | | [+--+] 8 | 
|BNOT#x:3,Rd | B | #xx3 of Rds)“ (hocSofRds) = st Stet | TdT CT TT [eT I—/-/—[-|- 2 || 





| BNOT #xx:3,@ERd___—|-B | (#xx:3 of @ERd) ~ (#hoc3 of @ERd Ft tat | TT --J-/-/—/-/-} 8 | 

| BNOT #xx:3,@aa:8_—_| B | (#xx:3 of @aa:8) ~ (acd of @aa:8) - it tt tat | P T-IEJ+/-J-J-|+} 8 | 

[BNOTRnRd ss B | (RnBofRdg)“(AnBofRdsy) Ss | fat | | {| | | | |--/|-/-|-/-|-] 2 | 

B | (Rn8 of @ERd) ~ (Rn8 of @ERd Vt tat tt | EEE J-I-J-+]+] 8 
= : 






BNOT Rn, @aa:8 i (Rn8 of @aa:8) ~ | of @aa:8) Rees Rae SEE ae 
| BTST #xx:3,Ra LB | (#xx:3 of Rd8) 2 _Z i fet; | ET tT Fey -i-]s EY | 
| BTST #xx:3, @ERd [Bidixx30f@ERDzZ sss | | ft | Tt | | [-T-J-/-J? |---| 6 | 
I BTST #xx:3,@aa8 |B | (#xx:3of@aasba ZS CTC] S| STCSLCt tt | OT T--J-J-]t -I-] 6 | 

BTST Rn,Rd [B{(RngofRogpe ZC; | TT TT | ETE -J 2 |+/-] 2 | 
| BTST Rn, @ERd [B{(RnBof @ERDAZ  ——ssr| | (at | |: | | dT U[-/-/-/-/?/- 1-1 6 | 
|BTSTRn@aas «|B | (RnBof@aas)e ZS Cti‘;STCTCL«CsT:«CsdC tt | LE J—/-] 2 |-+-]+] 6 J 
[BLD #xx:3,Rd ss [BI (#xx3ofRdghe Co FFtC“<;‘“CSC#C#dr#C2zdT:C«CTsC*sTCT |] TT TE —/-J-}-+-J-12] 2. 
[BLD #xx:3,@ERd sss B| (#xx:30f @ERD AC FFC<“~t‘“‘“‘“‘RST:CdAC‘ST;C*dT:sCi|sd]s Ts (--J--J—/-|-|-]3] 6 | 
BLD #xx:3,@aas | B| (ixx3of@aaspe CF tC—“<—t*‘“‘C;é‘~rST:«CzrESCaT:C*éE«Cd ts Ts | [---J-]—-|--]* [1 
PBILD#x:3Rd sss |B (fxxdofRds)e Co FFtC(i‘“CSCOC*r #éC2ttCT CT CT TT | [+ -J-/-J--+ 3 2 
|BILD#xx:3,@ERd —sd| B| (dof @ERA AC F——CCCCTCS|sd|; | | | | | [-/-J-/-!-|+-|1] 6 | 
|BILD#xx:3,@aa:8 | B| (fxxSof@aas)ez CFFt—<“iti‘CSCSLC*CdL:C*ST:CSTCST:CésT | |] | (--/-J-+-/-/+-]2/ 6 J 
[BST #xx:3,Rd | BL Ce (axx30fRds) — Cs—“‘té‘“;é‘LSCdt tC ET TT TE T-J-/--J-]-] 2. | 
|BST#x:3,@ERd [BC (txx30f @ERG) — CsECSTCt ST | TTT [-I-/-J-/-/-|-] 8 | 
| BST #xx:3,@aa8 || B| Cx (#xx:30f@aae) — —<‘iT:*SidECi‘E:SC‘EST;:s'tT | fT, T-J-J-]---|-] | 
[BISTixx:3.Rd «|B C a (AxxsofAds) = (ss C—CiE:«CTT ST | S| | | | [-J-/-/--|-/-] 2 | 
|BIST#xx:3,@ERd ss B| Ca (x3of@erd =—— —its—é‘iT«sT;:«Ci Ts Ts | | Ts | -}---J-/—-[-J-] 2 | 
|BIST#xx:3,@aa8 «|B Ca (ixsof@aas) i eC s—CiT:C‘i(L:CE:S‘T:CsiTs'gs ft TT |---|] 8 J 
[BAND #xx:3,Rd | B| CY¥(#xx:30fRasyz Cc FFCtC—<“C~ti‘“‘C;*s:CdTzdCTCE:CT Ts TT [-T-J-T-- 
|BAND #xx:3,@ERd |B] CY¥(#xx30f @ERD ACF —CCSTstt | TT TT TE-T-J-/--] tt] 6 
| BAND #xx:3,@aa8_ || B| CY(#xx:30f @aas)ae Co F—C—<C~si‘“YCSdE:CaT:CL«C*idT:«Ci Ts Ts; F---]-]-|--[ tJ 
PBIAND #xx:3Rd_ | B| C¥(HxBofRdd)e Co FFC—C“Ct*ti‘“‘C*TS#CT2zdt«T:«*E:C*T:C|sd|sdTs [--J----]#] 2. | 
|BIAND #xx:3,@ERd «| B| CY¥(Fxxdof @ERAac F——CSst TT | | | -T-J-/-/--]1] 6 | 
| BIAND #xx:3,@aa:8 || B| C¥(#xxBof@aashe cl FC—<C—ti‘“‘aTSTCS;SCT«CdT:«sCéd Ts] [+ it] 6 
PBOR#x:3,Rd |B CAtx3ofRasja Co Ft—<“—si‘“;‘s*é~*SC CECE] Ts] TI J-T--]-J 1] | 
|BOR #xx:3,@ERd | B| CXix3 of @ERGQ RC FC—C—C—~—C—C~s~s:Ci‘(RSCA TT Ts ft Ee |, T/-J-]J-|--¢[ 
| BOR #xx:3,@aa:8 | B| CAdxx3of @aas)e C= tC—“<*‘“‘“TST:C‘i‘ESCaE*SC‘ESCid tT; | | [-/-]-]-|- [1 
E1OR hs.Ro—_+ 8. C(beetof RB) 4G —__} 12) 4) et 2s 
| BIOR #xx:3,@ERd_ |B | CA#xx:3 of @ERd) z C pt tat TT tT -EI-EJ—|—] #1] 6 | 
|BIOR #xx:3,@aas_ | B| CAixxBof@aashe CFFtC—“<*t*‘ |S*dTCSTCdT*dT«ésS | CT [-J-/—-/-J-/-/1] 6 | 
PBXOR#x:3.Rd | BC (#xx30fRas)e Co FFtC—“*;‘“‘(‘C*:*CT:CST:CdT:C‘iT:SsidTs ss |, (E--]- J |-]1.] 2. J 
|BXOR #xx:3,@ERd =| BC (#xx3of @ERd aC FC“‘“‘STSésTYT:CT CT CT | OT [-J—-I-T-+-J—|+-| 1] 6 | 
| BXOR #xx:3,@aa8_ | BC (ixx3of@aaspe Cc ——<Cti‘“;é~sTCSCE*C‘(RSGS«SCT;SCs Ts Ts |, (HEH-J--J-+-] 2] 
|BIXOR#xx:3Rd | BL C (FxxdofRdd)e Co FFC—“C*ti‘“‘C<‘iRSCC ECT | | TTT [+ —T-—I-] 1] 2 | 
|BIXOR #xx:3,@ERd | B/C (ixxdof@ERda cc ——s—C—isE:=C‘(YsédC Ts ST | fs | | [-J-- -J—/+-I | 6 | 
[anon tes.@ac8 [8c Wxsoreaad) eo 1 111 Pit TP eee ete 
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| Addressing Mode and 
Instruction Length 23 
Condition Code 


© 
-| 01 © 
® 
® 





Mnemonic Operation 


Operand Size 7 


a 
a Oe | 
No. of States 





| Branching | Bcc d:8 
| instruc- 


| tions Bcc d:16 


PC ~ PC+a:8 eise next 
PC “ PC+d:16 else next 






PC ~ ERn 


JMP @ERn 
JMP @aa:24 

| JMP_@ @aa:8 (normal) 
JMP @ @aa:8 (advanced 
BSR d:8 (normal) 


hel 
| x 
= 


SP-2 ® SP,PC16z @SP 
PC ~ PC+d:8 


|| 
et 2 

Pt Ty tel JH J—J—|—J+h10 J 
Bie CICEIE) Isic 
BO ele alae lees 


BSR d:8 (advanced) 


| BSR d:16 (normal) 


PC «= PC+d:16 
Pe ial 
PC “ ERn 
| PC “ ERn 
PC ~ aa:24 
} | PC” aa:24 


| JSR @ @aa:8 (normai) SP-2 ® SP,PC16z @SP 
PC ~ (@aa:8)16 


Beeman Lee le eee leases 
PC ” (@aa:8)24 | 

cn ee BUN gcldh eRe eiseloes 
| | | SP+22 SP | 
pee 
: SP+4.2 SP : | | 

= il Fates 
| control SP+4.z SP | 


PC ~ PC+d:8 
PC “ PC+d:16 


JSR @ERn (normal) 


LAE 
aenw 


JSR @ERn (advanced) 


JSR @aa:24 (normal) 


; of 
| 


JSR @ @aa:8 (advanced) 





COCCCEPPEEEEEEED® 
ar feos eons UTR 
tions PC24 ~ (@SP)24, vector 2 PC | 
| |SLEEP_ SCs} Transsitiontosieepmode = —Cs]sS|s«s|«sTs«T «dT sf Jo {—l-J—J-J-J--] 2 | 

FNOP_ =| Nocperation = —“—*é‘“;‘s*~*ésCSsEC‘iSCdE:CSCT;=SCSdT;sCsST:ss te [---[-]--]---[ 2 
FLOC #xx8,CCR_ [Bl #xxsae con“ (sts~—“‘C;*S*S*=sésdECdECE:CST Ess] TT Et tt tt ttt 2 | 
}LOCRsCCR —s—i“§“§s«Sd/ BY RsBaz CcRtC“‘(‘“;™SCO#*C*#*C#dYT:S«CSG hts] Ts TT TT [ttt t tts] | 
[LDC @ERs.CCR_—=s—s|W| @ERs(even)z coR i“ ss—~—“*;ié*dL:«SCdE=«CédC sdTsCsT:sdTsTssTs|st et ttt [tte | 
| LOC @(d:16,ERs)CCR_|W| @(4:16,ERs)(evenrye CCR ——s|s|sTsfo | | TT [tte le[ttste tte 
| LOC @(d:24,ERs),CCR |W] @(d:24,ERs)(evenye ccR S| «| s«s|sttoy «| S| dT CT [dst 
chia > A 
ERs+2 % ERs A 

|LDC @aa16,CCR_—s|W| @aate(evenye COR“ (SCOidCSdTCSE:CST:STs so TT ttt te [tte iel | 
|LDC @aa24.cCR ss [W| @aa2a(evene CCR CT ST CT TT ft TT Pett teeth | 
|sTCCCRAd  —s—“s «| Bi CcReRo i s—<“<*s‘“*é*sY:Cidt ys ET EE 
|STCCCR@ERd Ss |W|CCRa @ERd(evenr) = S| S| sts | [dT CT | (--J—/-/-]-/-Te | 
| STC CCR,@(d:16,ERd) |W] CCRe @(4:16ERd) (every) —Ssss| (| | fot fT TT ---J-[-/-/-T a | 
| STC CCR,@(4:24,ERd) |W] CCRa @(d:24ERa) (ever) || st sft Tf TP [|---| 
STC CCR,@-ERd W | ERd-2 & Erd, 

Pee eereevem. a NCU ULE Geman. 
|STCCCR, @aaié ss [W|CCRe @aa:ie(evenr) sss § S| | «dt dT dT [ot | [ [-T--J-[-[-/-T a | 
|STCCCR,@aa:24 [WI CCRe @aa2d(evenry = TS] «| «dT tT [fe] TOT (—-I--J---f | 
| ANDC #xx:8,CCR | B| #xx:8YCCR2 CCR eye ae eee teh 
[ORC #xx:8,CCR_ [Bl a#xxaCcraccn ——s | | | dT TT TT [tite ye [ste tet | 
KORO #c8,CCR [Bf axe cone const tT PT eee eee te] 
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Notes: The number of states is the number of states required for execution when the instruction and its operands are located in the 16-bit, two- 
State-access address space or in on-chip RAM. 


1 Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0. 
Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0. 


Set to 1 when the adjustment produces a carry; otherwise retains its previous value. 


2 
3 Retains its previous value when the result is zero; otherwise cleared to 0. 
4 
5 


The number of states required for execution is 4n + 8, where n is the vaiue set in R4L for EEPMOV.B or R4 for EEPMOV.W. 


Operand Notation 





Symbol Description 

PC Program counter 

SP Stack pointer 

CCR Condition code register 

Z Zero flag in condition code register 

Cc Carry flag in condition code register 

Rs, Rd, Rn General data register: 8-bit register (ROH/ROL to R7H/R7L) or 16-bit register 
(RO to R7, EO to E7) 

ERs, ERd General register: 24-bit address register (ERO to ER7) or 32-bit data register 
(ERO to ER7) ; 

d:8, d:16, d:24 8/16/24-bit displacement 

#xx:2/3/8/16/32 2/3/8/16/32-bit immediate data 

E Transfer from the operand on the left to the operand on the right 

+ Addition of the operands on both sides 

- Subtraction of the operand on the right from the operand on the left 

X Multiplication of the operands on both sides 

= Division of the operand on the left by the operand on the right 

Y Logical AND of the operands on both sides 

/ Logical OR of the operands on both sides 


Exclusive logical OR of the operands on both sides 
NOT (logical complement, 1’s complement) 
Contents of operand 


Condition Code Notation 





Symbol Description 

I Changed according to execution result 
* Undetermined (no guaranteed value) 
0 Cleared to 0 

1 Set to 1 


Not affected by execution of the instruction 


30 Hitachi 


Number of States Required for Execution: The number of states given in the instruction set 
table applies when the instruction and its operand data are located in a two-state word access 
area, such as on-chip RAM. Instruction code is located in external memory, but the attributes 
of the memory area (byte or word access, two- or three-state access, wait states inserted or not, 
number of wait states) can be selected by the bus controller and wait-state controller. The 
attributes of the on-chip supporting modules are fixed at either three-state word access or 
three-state byte access. The number of additional states required for instruction execution 
depends on the combination of these factors as indicated in the following tables. 


Number of Additional States 
Access Conditions Required for Execution 


Byte Data Word Data 

Operand data External address 2 

(2-state byte access) 

External address or on-chip RAM 

(2-state word access) 

On-chip supporting module 

(3-state byte access) 

On-chip supporting module 

(3-state word access) 


External address 
(3-state byte access with m wait states) 
External address 
(3-state word access with m wait states) 


Number of Additional States 
Required for Execution 


4+2m 


i+m 


> 


Access Conditions Branching Non-Branching 
instruction instruction 
Length (Bytes) pa fata 
Instruction External address 10 
code (2-state byte access) 
RAM (2-state word access) B2ee te RGR 

External address 8+4ml12+6m44+2m!/84+4m/12+6 m164+8m 204+10m 
(3-state byte access with 
m wait states) 


Instruction 
10 
External address or on-chip 
External address 2+2mi3+3m| 14m 124+2m/3+3m\/4+4m)/5+5m 
(3-state word access with 
m wait states) 
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4.5 Basic Timing 
Basic Clock Timing 


The system clock () is generated by input of an external clock signal to the EXTAL pin, or by 
connecting a crystal resonator to the XTAL and EXTAL pins. The system clock frequency is 


the same as the frequency of the crystal resonator or external clock signal. 


Oscillator | Duty adjustment 
| circuit | 


1:1 clock oscillator 





Block Diagram of Clock Pulse Generator 


CPU Read and Write Cycles 


The CPU operates using the system clock (@) as a time base. One cycle of the system clock is 
called a state. Each bus cycle consists of two or three states. The CPU uses different methods 
to access on-chip memory, the on-chip supporting modules, and external devices. Access to the 


external address space can be controlled by the bus controller. 
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On-Chip Memory: For high-speed processing, on-chip memory is accessed in word size in 


two States. 


'<—_____—_—— Buscycle ———______> 


<—— T, state—_>'<—T,, state > 


Addressbus «= X—S~C SS SSSC*S 


t 
s 
f 
' 
‘ 


f 5 
Hy f 


intemal read signal oe Ne ee ee 


Read access ; 


piemaldatabus __} 


Intemal write signal 7 cs ern cal 


Intemal data bus \ Write data 


4 
4 


Write access 





On-Chip Memory Access Cycle 


i] ‘ t 
<—_—_— TT, ——_ > <——_ TI» ————>> 


‘ 
§ ! 1 
t 5 t 
t 
. f , 


Address bus Xcess ——SS*S 


' 
CN ee 


AS, RD, HWR, LWR ' High ! 


High impedance 
D5 to Do — 





Pin States During On-Chip Memory Access 
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On-Chip Supporting Modules: The on-chip supporting modules are accessed in three states, 


in byte size or word size. 


a Bus cycle-————_______> 
<— T, state——> <— To state —_><—— T state >» 


internal address bus 


{ Internal read signa! 


Read access 
\ Internal data bus Read data 
internal write signal ' \ / 


4 
' 
Write access j 
1 
4 


§ 
é 
' 
t 


internal data bus Write data 





On-Chip Supporting Module Access Cycle 


Address bus 


i) 
§ i 
t ' 


AS, RD, HWR, LWR } High 
High impedance 


\ 
1 
4 
4 
i 
j 
i 
t 


Dis to Do 





Pin States During On-Chip Supporting Module Access 
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External Address Space: The external address space is divided into eight areas. The data bus 
width (8 or 16 bits) and access cycle length (two or three states) can be selected for each area 


independently. 


SS Bus cycle ———SSS 


oo state ——><—— T> State ——> 


q 
Qg ' ; ' 
4 ‘ 
t ‘ 
i a 
' 


é 
§ 
! 


Addressbus YX —~S~S~—iesSSSC*S 


‘ 
’ 


; ae: d ; 


6 
5 
f 


HWR, LWR 


& 4 


D,5toDo Write data 


3 ' 
fT : 
i i] 





Access Cycle for Two-State-Access Areas 


Sy Bus cycle SS 
<—— T, state —>'<—— T, state >< T,, state ——> 


\ 
4 t 


Addressbus Address. ———SSCSC~C—S~*S 


HWR, LWR 


(read access) ; 


Dy5to Dy , Write data 
(write access) 


i) 
4 
J 
4 
1 
4 
4 
{ 
i] 
‘ 
‘ 
‘ 
4 
' 
1 
4 
i} 
‘ 
‘i 
‘ 
4 
4 
‘i 
' 





Access Cycle for Three-State-Access Areas 
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Each of the eight areas can be designated as an 8-bit access area or a 16-bit access area. The 
upper part of the data bus (D5 to Dg) is used to access an 8-bit access area. Both the upper 
part (D;5 to Dg) and lower part (D7 to Dg) are used to access a 16-bit access area. The 
following table gives further details. | 


Usage of Data Bus to Access Different Areas 


Upper Data Bus Lower Data Bus 


Area Access Size Read/Write Address Valid Strobe (Djs to Dg) (D7 to Do) 
8-bit-access — Byte Read Even/odd RD Valid Invalid 
ee Write Even/odd HWR Undetermined 
16-bit-access Byte Read Even RD Valid Invalid 
sans Odd Invalid Valid 
Write Even HWR Valid Undetermined 
Odd LWR Undetermined Valid 
Word Read Even RD Valid Valid 
Write Even HWR,LWR sali Valid 


Address bus 
CS3 to CSo 


AS, RD 
Read access | 


Write access { 


External Device Access Cycle (Two-State-Access Area) 
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t 
T, state | Tp state —_>< T3 state 


Address bus 


Read 
access 


Write 
access 





External Device Access Cycle (Three-State-Access Area) 
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Vec =2.7Vto5.5V 


— Preliminary — 


Vec = 5.0 V 210% 





Unit: ns 
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8 MHz 18 MHz 
item Symbol Min Max Min Max 
Clock cycle time teyc 125 1000 55.5 1000 
Clock low pulse width tet 40 — 17 — 
Clock high pulse width tcH 40 — 17 — 
Clock rise time tcr = 20 — 10 
Clock fall time tcr = 20 —_ 10 
Address delay time tap — 60 — 25 
Address hold time taH 25 — 10 — 
Address strobe delay time tasp — 60 ~— 25 
Write strobe delay time twsp a 60 — 25 7 
Strobe delay time tsp — 60 — 25 
Write data strobe pulse width 1 twswi1 85 ~— 32 = 
Write data strobe pulse width 2 twswe 150 — 62 — 
Address setup time 1 tasi 20 — 10 — 
Address setup time 2 taso 80 _ 38 _ 
Read data setup time taps 50 — 15 — 
Read data hold time tRoH 0 — 0 ~~ 
Write data delay time twop —_ 75 —_— 50 
Write data setup time 1 twos 90 — 10 _ 
Write data setup time 2 twose 15 _— 10 as 
Write data hold time twou 25 — 20 — 
Read data access time 1 tacc1 — 120 — 50 
Read data access time 2 tacce —_ 240 — 105 
Read data access time 3 tacc3 _ 70 — 20 
Read data access time 4 tacca — 180 _— 80 
Precharge time tpcH 85 —_ 40 —_ 
Wait setup time twrs 40 —_ 25 — 
Wait hold time twrH 10 _— 5 _ 
Bus request setup time tsras 40 — 40 — 

- Bus acknowledge delay time 1 tgacp1 — 60 — 30 
Bus acknowledge delay time 2 tgacp2 — 60 — 30 
Bus-floating delay time tazp _ 70 — 40 


4.6 Processing States 


The CPU has five processing states: the reset state, program execution state, exception- 
handling state, bus-released state, and power-down state. The state transitions are as shown 


next. 


End of bus release 


Bus request 


Program execution 


NMI, IRQg to IRQs Software 


Exception-handling standby mode 


state 


RES=High | STBY = High 


ie RES = Low Hardware standby 
Reset state mode”2 


Power-down state 


Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs when 
RES goes low. 


2. From any state, a transition to hardware standby mode occurs when STBY goes low. 





State Transition Diagram 
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Program Execution State 


In this state the CPU executes program instructions in sequence. 


Exception-Handling State 


This is a transient state in which the CPU executes an exception-handling sequence in 


response to a reset, interrupt, or other exception. 


Bus-Released State 


In this state the external bus has been released in response to a bus request signal from a bus 
master other than the CPU. 


Power-Down State 


The CPU is halted to conserve power. This state includes three modes: a sleep mode, software 


standby mode, and hardware standby mode. 
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4.7 Exception Handling 


The sources of exception handling are classified in the following table. When exception 
handling is requested by one of these sources, the CPU saves PC and CCR onto the stack, sets 
the interrupt mask bit to | in CCR, fetches a starting address from the exception vector table, 
and starts program execution from that address. If two or more exceptions occur 
simultaneously, they are handled in priority order. Trap exceptions are accepted at all times in 


the program execution state. 


Exception Handling Types and Priority 


Priority Type of Exception Start of Exception Handling 
High Reset Exception handling starts immediately when RES changes from low to high 


interrupt When an interrupt is requested, exception handling starts at the end of the 
current instruction or current exception-handling sequence 


Low Trap instruction Exception handling starts when a trap (TRAPA) instruction is executed 


Exception Vector Table 


Priority Exception Vector No. Vector Address 
High Reset 0 H'0000 to H'0003 
| (Reserved for system use) 1to6 H'0004 to H'001B 
NMI interrupt : 7 H'001C to H'001F 
Trap instruction (four sources) 8 H'0020 to H'0023 
9 H'0024 to H'0027 
10 H'0028 to H'002B 
11 H'002C to H'002F 
External interrupts IRQ 12 H'0030 to H'0033 
IRQ, 13 H'‘0034 to H'0037 
IRQ, 14 H'0038 to H'003B 
IRQ; 15 H'003C to H'003F 
IRQ, 16 H'0040 to H'0043 
IRQs 17 H'0044 to H'0047 
(Reserved for system use) 18 H'0048 to H'004B 
19 H'004C to H'004F 
Low Internal interrupts 20 to 60 H'0050 to H'00F3 
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4.8 Interrupts 


Interrupts are controlled by the interrupt controller. Interrupt exception handling can be 
requested by a total of 37 sources, including seven external sources (NMI, IRQo to IRQs), and 
30 internal sources in the on-chip supporting modules. Each interrupt source has a separate 


vector address. 

NMI is the highest-priority interrupt and is always accepted. 

The interrupt-handling sequence differs depending on the state of the VE bit in the system 
control register (SYSCR). Interrupts are controlled by the I bit when UE = 1, and by the I and 
UI bits when UE = 0. The following table indicates how interrupts operate under all 


combinations of the VE, I, and UI bits. | 


Interrupt Control by UE, I, and UI Bits 


SYSCR CCR 
UE i Ul Description 
1 0 — All interrupts are accepted 
Priority is given to interrupt sources with priority level 1 
1 — Only NMI is accepted 
0 0 — All interrupts are accepted 
Priority is given to interrupt sources with priority level 1 
1 0 Only NMI and interrupt sources with priority level 1 are accepted 


1 Only NMI is accepted 


When two or more interrupts occur simultaneously, if all are assigned to the same priority 
level, the highest-priority interrupt is selected according to an intrinsic interrupt priority order, 
and the lower-priority interrupts are held pending. When an interrupt occurs the CPU 
references the stack pointer, saves PC and CCR onto the stack, then fetches a starting address 
from the exception vector table and starts executing an interrupt-handling routine from that 
address. 


Priority levels are assigned in interrupt priority registers A and B (IPRA and IPRB). Word 
access is permitted to IPRA and IPRB, which simplifies priority settings. A specific set of 
interrupts can be temporarily enabled or masked by making appropriate settings in IPRA and 
IPRB, then clearing the VE bit to 0, setting the I bit to 1, and clearing the UI bit to 0. 
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Block Diagram 


NMI interrupt 
IRQ input | oe ae: (aaah wees ae 


(aaah wees Interrupt 
| Priority request 


- : | decision 


logic 


internal Vector 
: - number 


3 ' 

e 
= ) 
' 
) 
‘ 


interrupts 


Interrupt controller 


IRQ sense control register 
IRQ enable register 
IRQ status register 
Interrupt priority register A 
interrupt priority register B 
Condition code register 

: System control register 





Interrupt Controller Block Diagram 
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Interrupt Vector Table 


Priority 
High 


Low 


interrupt Source 
NMI 

IRQ, 

IRQ, 

IRQ, 

IRQ, 

IRQ, 

IRQs 

Reserved 


WOVI (interval timer) 
CMi (compare match) 


Reserved 


IMIAg (compare match/input capture AQ) 
IMIBy (compare match/input capture BO) 
OVI, (overflow 0) 

Reserved 

IMIA, (compare match/input capture A1) 
IMIB, (compare match/input capture B1) 
OVI, (overflow 1) 

Reserved 

IMIAz (compare match/input capture A2) 
IMIBs (compare match/input capture B2) 
OVI. (overflow 2) 

Reserved 

IMIA3 (compare match/input capture A3) 
IMIB (compare match/input capture B3) 
OVI, (overflow 3) 

Reserved 

IMIA, (compare match/input capture A4) 
IMIB, (compare match/input capture B4) 
OVI, (overflow 4) 

Reserved 

DENDoa 

DENDog 

DEND,a 

DEND,, 

Reserved 


ERIo (receive error 0) 

RXlp (receive data full 0) 
TXlg (transmit data empty 0) 
TEl (transmit end 0) 

ERI, (receive error 1) 

RXI, (receive data full 1) 
TXI, (transmit data empty 1) 
TEI, (transmit end 1) 

ADI (A/D end) 


Note: * Lower 16 bits of the address. 


Origin 
External pins 


WDT 


Refresh 
controller 


iTU channel 0 


ITU channel 1 


ITU channel 2 


ITU channel 3 


ITU channel 4 


DMAC 


SCI channel 0 


SCI channel 1 


A/D 
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Vector 
Number 


7 

12 
13 
14 
15 
16 
17 
18 


.19 


20 
21 


22 
23 
24 
25 
26 
27 
28 


‘29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Vector 
Address* 


H'001C to H'001F 
H'0030 to H'0033 
H'0034 to H'0037 
H'0038 to H'003B 
H'003C to H'003F 
H'0040 to H'0043 
H'0044 to H'0047 
H'0048 to H'004B 
H'004C to H'004F 
H'0050 to H'0053 
H'0054 to H'0057 


H'0058 to H'005B 
H'005C to H'O05F 
H'0060 to H'0063 
H'0064 to H'0067 
H'0068 to H'006B 
H'006C to H'OO6F 
H'0070 to H'0073 
H'0074 to H'0077 
H'0078 to H'007B 
H'007C to H'007F 
H'0080 to H'0083 
H'0084 to H'0087 
H'0088 to H'008B 
H'008C to H'008F 
H'0090 to H'0093 
H'0094 to H'0097 
H'0098 to H'009B 
H'009C to H'O09F 
H'00A0 to H'00A3 
H'00A4 to H'00A7 
H'00A8 to H'00AB 
H'00AC to H'0OAF 
H'00B0 to H'00B3 
H'00B4 to H'00B7 
H'00B8 to H'00BB 
H'OOBC to H'OOBF 
H'00CO to H'00C3 
H'00C4 to H'00C7 
H'00C8 to H'0OCB 
H'00CC to H'00CF 
H'00D0 to H'00D3 
H'00D4 to H'00D7 
H'00D8 to H'00DB 
H'00DC to H'O0DF 
H'00E0 to H'00E3 
H'00E4 to H'00E7 
H'00E8 to H'00EB 
H'OOEC to H'OOEF 
H'O0FO to HOOF3 


IPR 


IPRA7 
IPRA6 
IPRAS 


IPRA4 


IPRA3 


IPRA2 


IPRA1 


IPRAO 


IPRB7 


IPRB6 


IPRB5 


IPRB3 


IPRB2 


IPRB1 


Section 5 Operating Modes 


The H8/3048 Series has seven operating modes that are selected by the mode pins (MD) to 
MD, ). The input at these pins determines the size of the address space and the initial bus 


mode. 


After program execution begins, the bus controller can select an 8-bit or 16-bit data bus width 
for each area individually. Both the address space and the pin functions differ depending on the 


operating mode. 


5.1 Expanded Modes with On-Chip ROM Disabled (Modes 1 to 4) 


Mode 1 (Expanded 1-Mbyte Mode with 8-Bit Bus and On-Chip ROM Disabled): Address 
pins Ajg to Ag are enabled, permitting access to a maximum 1-Mbyte address space. The 
initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is 


designated for 16-bit access by the bus controller, the bus mode switches to 16 bits. 


Mode 2 (Expanded 1-Mbyte Mode with 16-Bit Bus and On-Chip ROM Disabled): 
Address pins Aj9 to Ag are enabled, permitting access to a maximum 1-Mbyte address space. 
The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all areas are 
designated for 8-bit access by the bus controller, the bus mode switches to 8 bits. 


Mode 3 (Expanded 16-Mbyte Mode with 8-Bit Bus and On-Chip ROM Disabled): 
Address pins Ax3 to Ag are enabled, permitting access to a maximum 16-Mbyte address space. 
The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is 
designated for 16-bit access by the bus controller, the bus mode switches to 16 bits. 


Mode 4 (Expanded 16-Mbyte Mode with 16-Bit Bus and On-Chip ROM Disabled): 
Address pins A3 to Ag are enabled, permitting access to a maximum 16-Mbyte address space. 
The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all areas are 


designated for 8-bit access by the bus controller, the bus mode switches to 8 bits. 
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5.2 Expanded Modes with On-Chip ROM Enabled (Modes 5 and 6) 


Mode 5 (Expanded 1-Mbyte Mode with 8-Bit Bus and On-Chip ROM Enabled): 


The on-chip ROM is enabled. Address pins Ajg to Ag are enabled, permitting access to a 


- maximum 1-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit access 


to all areas. If at least one area is designated for 16-bit access by the bus controller, the bus 


mode switches to 16 bits. 


Mode 6 (Expanded 16-Mbyte Mode with 8-Bit Bus and On-Chip ROM Enabled): 


The on-chip ROM is enabled. Address pins A3 to Ag are enabled, permitting access to a 


maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit 


access to all areas. If at least one area is designated for 16-bit access by the bus controller, the 


bus mode switches to 16 bits. 


5.3 Single-Chip Mode (Mode 7) 


Mode 7 (Single-Chip 1-Mbyte Mode): This mode runs all operations from on-chip ROM 
(PROM or masked ROM) and RAM. The address-space size is 1 Mbyte, but off-chip addresses 
cannot be accessed. 


Operating Mode Summary 


Mode 

Mode 1 
Mode 2 
Mode 3 
Mode 4 
Mode 5 
Mode 6 
Mode 7 


MD, 


ast fat fot fj | OO] O } © 


Mode Pins 


Address 
Space 


1 Mbyte 
1 Mbyte 
16 Mbytes 
16 Mbytes 
1 Mbyte | 
16 Mbytes 
1 Mbyte 


Address 
Bus 


Aig to Ag 
Aig to Ap 
Ao3 to Ap 
Ao3 to Ao 
Ajg to Ay 
Ao3 to Ag 


Note: * Can be switched to external address space. 


Initial 
Bus Mode 


8 bits 
16 bits 
8 bits 
16 bits 
8 bits 
8 bits 
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Data 
Bus 


D,5 to Dg 
Dy5 to Do 
D,5 to Dg 
D5 to Do 
D5 to Dg 
D,5 to Dg 


On-Chip 


ROM 

Disabled 
Disabled 
Disabled 
Disabled 
Enabled 
Enabled 
Enabled 


On-Chip 
RAM 


Enabled* 
Enabled* 
Enabled* 
Enabled* 
Enabled* 
Enabled* 
Enabled 


5.4 Memory Maps 


H8/3048 Memory Maps in Each Operating Mode (1) 


Modes 1 and 2 ! Modes 3 and 4 
(Expanded 1-Mbyte Modes (Expanded 16-Mbyte Modes 
with On-Chip ROM Disabled) with On-Chip ROM Disabled) 


| indirect! 
j | branch i 

addresses | 46.bit 
-t. absolute 


HO7FFF | | H007FFF 
| 


' 
! 
t 
i 
' 
! 
i 
| 
i 


H'FFFF | 

H'20000 | 

H'SFFFF | 

H'40000 
H'SFFFF : Hi FFFFF! 
H'60000 | ‘200000 ! 
H'7FFFF 
H'80000 | 
HOFFFF | 
H'BFFFF | 
, F 

gunased 

H'QFFFF 


H'E0000 | | H'SFFFFF | 
H'600000 | 





' External address 
: space 

H'Fa000 FS H'7FFFFF |. 
! H'800000 : 

H'FEFOF | 

H'FEF10 | ; 

| H'9FFFFF 

| 16-bit H'A00000 | 

absolute i 


Extemal address | | addresses 


space io 
H'FFF1B | —— absolute H'BFFFFF i 


| | | | 





On-chip registers | 


! ly 
HFFFFFLU Y 
H'DFFFFFi. _.. ieee 
H'EOOO00 ; 


H'FFEFOF | 
H'FFEF 10 | 
On-chip RAM* 


HFFFFOO) 
SEE 
} 10. } 
a ° External address | | 
: Space | | 8-bit 
H'FFFF 1B | jabsolute 
H FFFFIC| | addresses | 
| On-chip registers | | | 
! 


HFFFFFELU y 





Note: * External address space if on-chip RAM is disabled. 


47 Hitachi 


H8/3048 Memory Maps in Each Operating Mode (2) 


Mode 5 Mode 6 Mode 7 


(Expanded 1-Mbyte Mode (Expanded 16-Mbyte Mode (Single-Chip Advanced 
with On-Chip ROM Enabled) with On-Chip ROM Enabled) | 





























H'00000 at ee --- | H'000000 a -a anno , | H100000 pn = 
Vectortable !Memory- | Vector table | | Memory- Vector table | Tacase | 
jindirect - 2. 2... 2-4 indirect | indirect 
;branch peaked are 
: : : aggresses ‘ ; cS ; 
| addresses 16-bit ! 7 oy ' 46-bit " samen: | 16-bit 
es iabsolute Baa eee Oya ey see ‘absolute Te ede | ‘absolute 
; addresses ; : i | addresses | |addresses 
i On-chip ROM; | j On-chip ROM; ' On-chipROM 
| | | | | ; : ! ! | | 
HOTFFE | dd | HOO7FFF i 88.8 ere ¥. | HO7FFF 8838888. i eee 1 
| | 
: : | | | 
HIFFFE | Area | HOIFFFF , | HIFFFF 
H'20000 | oe ' H'1020000 ! 
SERRE cise ohh tee eetas oe sek Sia | Area 0 | 
H'40000 ! j Area 2 | | i | 
HSPFFF |... ....---]--2- 2-2 -e- Rilddss se De eatettees 
H’60000 _ Extemaladdress | gag | H'200000 , 1 
| H7FFFF Space || SINAN ! 
H'B0000 | | . Areal 
KEOEFFR (os nce Scans, : | 
| H'A0000 | | | HOFFFFFi Peek eh ee ee 
H'BFFFF | Prawns erase 
| H'Coo00 ; oo ede 
H'DFFFF i. eure — oS 
| H'E0000 » | Area? i HSFFFFF, Gd : 
\ i i 
| | Extemal address. Aen 
oe ae 
HE Sa aa a Ra aaa H7FFFFF{ =f | HRs000 "ee 
f : H'800000 : i coe | 
HEEFOF | | | | | 
H'FEF10 | | | Area 4 | HFEF10 paar 
| On-chip RAM* | | | | | | On-chip RAM! 
H'FFF: F aa ars ei ia 4 ay Veer | 7 | H'SFFFFF L Sy Lie eee ee PE BEE Ee Wee ag dye e ¢ [ Fe RY eR ee ee : = 
'FFFOO | 16-bit | H'A00000 | | H'EFFOO ; 4 16-bit 
HEFFOF } | absolute | | | HFFFOF boone | | Rei 
| €xtemal address | | | addresses | | Area S | | |addresses 
| HFEF IB | poo | pfnle H'BFFFFF | | | be olut | 
{| jabsolute ISFEPRE Pee ee eee oem : solute 
H'FFFIC | | |addresses H'C00000 j HFFFIC addresses | 
| | On-chip registers | | | | ee | | On-chip registers | 
HFFFFF LO | | | HFFFFF LN 
| H'OFFFFF| == We asian 
| H'E00000 | | 
| | | | 
Area 7 
| | : ! 
} | 
| H'FF8000 eee ee, = tS | oe. eo t | 
| H'FFEFOF | | 
| H'FFEF10 i ! i 
: | On-chip RAM* 
| Lees See 
| H'FFFFOO |” ~~ ] (16-bit | 
H'FFFFOF ‘absolute | 
| H'FFFF10 bl | addresses 
Extemal address | | | 
i space 8-bit 
H'FFFF1B absolute | | 
H'FFFFIC addresses 
On-chip registers | | 
H'FFFFFF ’ Recetas 


Note: * External address space if on-chip RAM is disabled. 
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H8/3047 Memory Maps in Each Operating Mode (1) 


Modes 1 and 2 Modes 3 and 4 
(Expanded 1-Mbyte Modes (Expanded 16-Mbyte Modes 
with On-Chip ROM Disabled) with On-Chip ROM Disabled) 


Vector table t Memory .  Vectortable =, Memory- 
; : indirect A _... | indirect 
| branch ' + branch 
: addresses | : . i 
. ) - | 46-bit ; ¢ addresses| 16-bit 
H'OOOFF , ee 8 | i absolute Be eae eee 1 A 


| absolute 
' addresses | addresses 


z H'000000 pm 


HO7FFF | _. ee HOO7FFF | 


HAFFFF 
H'20000 | 
HSFFFF i) Gl 
H'40000 | 
aheaes ‘ ire os HiFPE Er _ 
"60000 | | '200000 : 
H7FFFF | | : | 
H'B0000 
HOFFFF.. ... : 
H'AC000 | H'SFFFFF i. 
HBFFEE Pests ude. want ae ene me ers 
‘C0000 ! 
HDFFFFL...-------..-4 7 | 
H'E0000 | H'SFFFFF | 
H'600000 
| Extemal address 
| | space 


: 


ree | H7FFFFF |. 
H'800000 | 


H'FEFOF | 
HFEFIQ 
On-chip RAM* 

ieee Gees Beeae bey eee eae 

4 : 16-bit H ‘A0000G6 . 

HEF FOF res | : absolute 
HFFFAO | : addresses 
: 8-bit ; : ! 

H'EFF1B | ; | absolute : HBFEFFE Us 2.0. ooeahus 
' 


H'FFFIC addresses H'C00000 | 
| Onschip registers 


H'FFFEF : 
H'DFFFFF |. 
H'E00000 | 


H'FFEFOF 
H'FFEF10 


| 
H'FFFFOO ~~ 
H'FFFFOF . ! 
H'FFFF10 | or _ absolute 
' Extemal address - | | addresses 
: space ‘ ) B-bi 
H'FFFFIB i abe 


H'FFFFIC : i addresses : 


{ 
| 
: 1 
HFFFFFF OO FY 


On-chip RAM* 


i ! 
| On-chip registers 





Note: * External address space if on-chip RAM is disabled. 
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H8/3047 Memory Maps in Each Operating Mode (2) 


Mode 5 Mode 6 Mode 7 
(Expanded 1-Mbyte Mode (Expanded 16-Mbyte Mode (Single-Chip Advanced 


with On-Chip ROM Enabled) with On-Chip ROM Enabled) 











H'00000 pm | 1000000 pm ; H'00000 ; eset 
Vectortable | »Memory- | Vector tabie 'Memory- . Vector table § |Memory- | 
je ee ed indirect | pone e eee ----.4 [indirect i Pilih, oad ates , |indirect | 
"i branch —; : Doleread babe | 
if ‘ addresses | | | i addresses ; 
fee, 5 pesesses i eit | L RR ' ieee Piha ites  reeesses | se bit 

i { absolute | i absolute | r 1 absolute 
addresses | - | addresses | | addresses 
| On-chip ROM | ! | | On-chipROM | | : | On-chipROM | | 
; | | | | ; ! | | 

HOTFFF Lo. caer eer | | HOO7FFF | 82 | eee 7. | MO7FFF 88 dd 1. 

i ; 
! | | ! ! ! 3 ; 
{ t ! : i 
| 
M7FFF | | HOI7FFF | Ae BTL oy eee ee 

H'18000 ee cs ae i H'018000 | “| | 
edt aot 

epee oe es | HOIFFFF | | 

H'20000 te tes | H'020000 | 

PAE ctl otal adetee oe | | rea o | 

‘40000 | | 
! / Area 2 | | | 

HSPPER |. soot oe arn Pilsasg gockidian sitar te : ee ee ee | 

H'60000 | Extemal address : hres H'200000 | | ; 

| H7FFFF Space 9 | DNB | | | 

H'80000 oe | i, Xana | 

HOFFFF 2 jee 

H'A0000 eae eee PHGFRREE 2's onic Ste neath ats ni : 

HBFFFF, Nae 7 

ae | | Area 6 | Area 2 

HE ' Pe pe ee 4 See oe ; | 

rae | Area? | HSFFFFF| 8 ie oeaerer | 
; ! ! H'600000 ! 
! j { i 
; ; | i 
! | | oe ee | Area 3 
Di geteae eee ene eee ioe On Lt cee eee ecm ar emer 

H'F8000 |” i | H7FFFFF 88 eee H'F8000 
| H'800000 

H'FEFOF | 

HFEF 10 | | Area 4 H'FEF10 Se 
| On-chip RAM’? | On-chipRAM | 

H'FFFOO | ete ey ae | oso ee on eee) (ak iol a H'FFFOO Sin A ae SS | -r° | 

H'FFFOF I abeokiio EERE absolute 

H'FFF10 addresses Area 5 | ddresses 
| Extemal address | | | rea : addr 
space i |8-bit I i 8-bit 

H'FFFIB | is-bi H'BFFFFF( absolute 

‘ | : 

HFFFIC | jaddresses | | H'Coo000 | hea 
On-chip registers | | | | | eaé | | 

HPPPRR ccc Vo ¥ | HRFFFE LL 

| H'OFFFFF| oe eee eee 


H'E00000 | 


H'FFEFOF 
H'FFEF10 


in be 
HF8000 |= hea | 


| 
| 
| 
7e* ee | H'FFF1C ass once ciate. | 
| | On-chip registers 
| 
| 
| 
| 
| 
| 


i 
H'FFFFOo f "~~~ >> | 16-bit 
H'FFFFOF 
H'FFFF10 








H'FFFF1B 
H'FFFFIC 


H'FFFFFF 


Notes: 1. Do not access the reserved area. , 
2. External address space if on-chip RAM is disabled. 
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Modes 1 and 2 


(Expanded 1-Mbyte Modes 
with On-Chip ROM Disabied) 


H100000 pm he 4 
: Vector table icra: 
indirect. 
mee 8 branch 
i ja resses | 16-bit 
H'OOOFF , 8g q i absolute 
| addresses 
HO7FFF: a are: 4 
! : 
HNFFFF 5 --tshpaiigtee wks 
H'20000 A , 
BOEIEE oases oe 
"40000 . i 
‘ Area 2 
HSFFFF 8 .. Be eet 
H'60000 ‘Extemal address | 
i ‘ Area 3 
H7FFFF.....Space. | O8 
a Area 4 
eee ieeaaten Ae ee 
‘A0000 : 
Orr Sf daeteetacenes erates oes 
| | Area 6 
H'DFFFFy --.----....- [ eeiiaaerers 
H'F800002—~—~—‘“=s eae 4 
H'FF7OF | | 
H'FF710 ° 
On-chip RAM*: 
Bagi (Bact Sey A AN a Oe cathe | 
HEFFOO | f ' 16-bit 
pe EEOr | | absolute 
' Extemal address | |. | addresses 
space : 8-bit 
H'FFF1B | : absolute 
H'FFFIC | 7 addresses : 
: On-chip registers | 
H'FFFFF , re y 





Note: * External address space if on-chip RAM is disabled. 


H8/3044 Memory Maps in Each Operating Mode (1) 
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Modes 3 and 4 
(Expanded 16-Mbyte Modes 
with On-Chip ROM Disabled) 











‘ Vectortable | 
H'OOOOFF | ee 
i 
HOO7FFF ia 
j H 
i | 
HIFFFFF, 
H'200000 . 
4 
H'3FFFFF. i 
H'400000 | : 
! | 
| | 
HSFFFFFi; 3 
H'600000 i 
i 
; Extemal address | 
space 
H'7FFFFF | 
H'800000 
HOFFFFF; 2 i 
H'A00000 | 
J i} 
| 
: 
HBFFFFFi.... ....- ae 
H'C00000 | 
H'DFFFFF, ss 
H'E00000 
! 
| ! 
| | 
ea Pete | 
H'FF8000 | 
| 
H'FFF70F | | 
HFFE7I0 SO 
| On-chip RAM* 
i 
H'FFFFOo r ee a ee oh aD Ag Sahel 1 ae. 
H'FFFFOF , 
H'FFFF10 | 
Extemal address | 
space 
H'FFFF1B | 
HFFFFIC| 
' On-chip registers: 
H'FFFFFF | 





| 


; Memory- 
| indirect 
| branch 


1 addresses | 





| 16-bit 
absolute 
| addresses 





Area 7 


| 8-bit 
absolute 
, addresses | 


ee 


! 16-bit 
| absolute 
| addresses 


em: --—-— —-- —- - ——. 


H8/3044 Memory Maps in Each Operating Mode (2) 


Mode 5 
(Expanded 1-Mbyte Mode 
with On-Chip ROM Enabied) 





Mode 6 
(Expanded 16-Mbyte Mode “4@ 
with On-Chip ROM Enabled) 








’ 
{ 
FE ae ee i - 1000000 .. | 
Vector tabie Memory- _ Vectortabie =| ,Memory- | 
; + indirect 1 bors 
branch , branc! 
. pddiessas yeas : addresses - oe 
: -DIt . ‘ -Ol 
: : ‘absolute mes : absolute 
_ * . addresses — . , addresses . 
. On-chip ROM . On-chipROM 
HO7FFF | HOO7FFF SY 
| Reserved’? ' Reserved"! : 
H'OFFFF , | H'OOFFFF 
H'10000 © : H'010000 i i 
, : ! | : | 
SERRE a ee : 2 : ! 
H'20000 : pe ! 
H'SFFFF meee tee. Area 0 | 
H'40000 Area 2 : : 
> prea 2 
H'SFFFF es _ HIUFFFFF . . eg td teehee 
H'60000 Extermaiaddrass = yg H'200000 
H'7FFFF . space . 
H'80000 |: Keak Area 4 ; 
HOFFFF: 00.2... g eee ae 
H'A0000 | Ce ease a a9 ae eee eee eee ee ee 
H'BFFFF | 5 epee OO : : 
ieapatee Area 6 - Area z 
H'DFFFF | o da. eerie, “2% | | , 
FE IO00 Area 7 HSFFFFF: | a . 
‘ H'600000 | 
i " Extemai address | 
Area 3 ; 
: 7 _ | 3 space | | 
H'F8000 ©” rt Age ie ee PIERRE tn Sabo bets eae cr eats 2 
t | H'800000 [ | 
H'FF7OF | | | | 
H'FF710 | | | Area 4 
| On-chip RAM"2 | | | 
psoas Cte bee j HOFFFFE | be acta, Baty xe te i Meee Sa eos 
H'FFFOO | ? f '16-bit_ | H'A00000 | | 
H'FFFOF jabsolute | 
H'FFF10 | -_ addresses | d | Area 5 
' Extemal address | : | rea 
> space ~ |8-bit | | 
la ou Jy eee ‘absolute : H'GFFFFFi ..-- -.--.---4---- Be teasers : 
H'FFFIC ‘addresses — ‘ H'C00000 ! } . 
| On-chip registers — : | 3 Area 6 
HFFFFF LY 
| HOFFFFF| -___.____-- eee : 
| H'E00000 } i 
, ! | 
: , | 
: Area7 
| H'FF8000 | 
{ H i ' : 
| H'FFF7OF | 
| H'FFF710 f— | : | 
| | | 
| H'FFFFOO | 16-bit | 
H'FFFFOF | absolute 
j H'FFFF10 , | addresses| 
| space | B-bit | 
H'FFFF1B absolute | 
H'FFFF1C addresses | 
| On-chip registers | | | | 
OHEFFFFF ND | 


Notes: 1. Do not access the reserved area. 


2. External address space if on-chip RAM is disabled. 
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Mode 7 
(Single-Chip Advanced 
Mode) 


H'O0000 mn 








Vector table ‘Memory- 
re, ses 1 indirect 
‘branch 
‘addresses | 
Te a Ieee eS | 16-bit 
‘absolute 
. addresses 
On-chip ROM 
HO7FFF , ee | 
HF8000t—“‘(‘C(C( (<(;<(<‘SOCS 4 
| 
H'FF710 oe one, on Hh | 
| On-chip RAM i 
itv on len at Me thie de | 
| f i 16-bit 
BErESe absolute 
|addresses 
: 8-bit 
‘ :absolute | 
H'FFFIC © addresses | 
- On-chip registers ; 
H'FFFFF . uy Y 





Section 6 Supporting Modules 
6.1 Bus Controller 


Functions 


The on-chip bus controller divides the address space into eight areas and can assign different 
bus control specifications to each. This enables different types of memory to be connected 
easily. The bus controller also has a bus arbitration function that controls the operation of the 
DMA controller (DMAC) and refresh controller, and can release the bus to an external device. 


Features 


¢ Independent settings for eight address areas 
— 128-kbyte areas in 1-Mbyte modes 
— 2-Mbyte areas in 16-Mbyte modes 
— Output of chip select signals (CSg to CS7) 
— Selection of 8-bit or 16-bit access 


— Selection of two-state or three-state access 


e Four wait modes 
— Selection of programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 


— Automatic insertion of zero to three wait states 
e Bus arbitration function 


— Bus right granted to the CPU, DMAC, refresh controller, or an external bus master by 


the built-in bus arbiter 
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Block Diagram 


CSp to CS7 


Vian 


Area | f 
internal signals 
nternal address bus dscadct g 


Bus mode control signal 
Bus size control signal 
Access state control signal 


Wait request signal 


Wait-state 
controller 


Internal signals 


” 
p=] 
O 
a 
eat 
ca} 
ao) 
i] 
Cc 
dew 
® 
— 
= 


CPU bus request signal 

DMAC bus request signal 

Refresh controller bus request signal 

CPU bus acknowledge signal 

DMAC bus acknowledge signal 

Refresh controller bus acknowledge signal 


Bus width control register 

Access state control register 

Wait state controller enable register 
Wait control register 

Bus release control register 





Block Diagram of Bus Controller 
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Area Subdivision 


The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytes in 


the 1-Mbyte modes, or 2 Mbytes in the 16-Mbyte modes. The memory map is shown next. 


H'000000 | On-chip ROM | Sno 
Area (128 kbytes) | | 


Area 0 (2 Mbytes} f a 0 (128 kbytes; 
ee | HHEEFE | Area 0 (128 kbytes) 


fae, | 0 NIFFFFF i, SeeONO |) I FFFE | 
| #200000 | H'200000 | 


Area 0 (2 Mbytes) 


| H'3FFFF J | —-H'SFFFF | 
} H’40000 : Area 1 (2 Mbytes) H'40000 | 


Area 2 (128 kbytes) | H'SFFFFF | | Area 2 (128 kbytes) H'SEFFFE | 
| H'400000 | ‘i. +'400000 
| H'SFFFF | H'SFFFF | 
H'60000 H'60000 


Area 3(128 kbytes) | : , Area 3 (128 kbytes) 


| HT7FFFF H'SFFFFF | | H'7FFFF J H'SFFFFF 
| H'g0000 H'600000 | H'80000 H'600000 


Area 3 (2 Mbytes) er 


H7FFFFF I fs OOO H'7FFFFF 
+'800000 | ; , H'800000 | 


| HoFFFF f 
| H'A0000 


H'BFFFF | H'BFFFF | 
H'C0000 | Area 4 (2 Mbytes) H'Co000 | 


H'9FFFFF H'OFFFFF 
H'A00000 | | H'A00000 
| H'DFFFF H'DFFFF | 
| E0000 | ; H'E0000 | 
| Area7 (128 kbytes) | |  AreaS(2Mbytes) | | Area 7 (128 kbytes) 


On-chip RAM" "2 H'BFFFFF | On-chip RAM"? | HIBFFFFE | 
| H'Coo000 | H'Co0000 


External address area” External address area” 


Area 6 (2 Mbytes) 


i! 


| On-chip registers” On-chip registers ' 
| H'FFFFF H'DFFFFF | | H'FFFFF | H'DFFFFF 
+'E00000 H'E00000 


Area 7 (2 Mbytes) Area 7 (2 Mbytes) 
a. 1-Mbyte modes with on-chip ROM c. 1-Mbyte mode with on-chip ROM 


disabled (modes 1 and 2) enabled (mode 5) 
| = On-cnioRam™’"* | | On-chip Ram"! 
%3 *3 
External address area External address area 


On-chip registers On-chip registers" 


H'FFFFFF H'FFFFFF 


b. 16-Mbyte modes with on-chip ROM d. 16-Mbyte mode with on-chip ROM 
disabled (modes 3 and 4) . enabled (mode 6) 


Notes: 1. The on-chip RAM and on-chip registers have a fixed bus width and are accessed in a fixed 
number of states. 
2. When the RAME bit is cleared to 0 in SYSCR, this area conforms to the specifications of area 7. 
3. This 12-byte external address area conforms to the specifications of area 7. 





Access Area Map for Modes 1 to 6 
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The bus specifications for each area can be selected in ABWCR, ASTCR, WCER, and WCR 


as shown in the following table. 


Bus Specifications 


ABWCR | ASTCR | WCER |_ WCR | Bus Specifications | 


’ 
i 





Bus Access. 
ABWn | ASTn | WCEn | wMS1 | WMSO | Width | States Wait Mode 
0 fa Wait disabled 
poo | = | = | 6 | 3 | Pinwait mode o 
i ; 
| | | 0 oe | 6] 3 Programmable wait mode 
| | + | %6 } 8 Wait disabled 
| | i6 | 3 Pin wait mode 1 
| i 8 Pin auto-wait mode 


oO 


' ST Wait disabled 
ae ee ae 


8 3 Pin wait mode 0 
| 0 0 8 | 3 Programmable wait mode 
| | 1 i 6g 3 | Wait diisabied 
| ch o4 | 0 | 8 3 | Pin wait mode 1 
| | Pin auto-wait mode 
Note: n =0 to 7 
Chip Select Signals 


A chip select signal (CSp to CS) can be output for each of areas 0 to 7. 


Data Bus 


Each of areas 0 to 7 can be designated as an 8-bit-access area or a 16-bit-access area. 


Number of Access States 


Each of areas 0 to 7 can be designated as a two-state-access area or a three-state-access area. 


56 Hitachi 


Wait Modes 


Four wait modes can be selected for each area: pin wait mode 0 or 1, pin auto-wait mode, or 


programmable wait mode. 


Pin Wait Mode 0: The wait state controller is disabled. Wait states (Ty) can only be inserted 
by WAIT pin control. 


Pin Wait Mode 1: In all accesses to external three-state-access areas, the designated number 


of wait states (Ty) are inserted. Additional wait states can be inserted by WAIT pin control. 


Pin Auto-Wait Mode: If the WAIT pin is low, the designated number of wait states (Ty) are 
inserted. 


Programmable Wait Mode: The designated number of wait states (Ty) are inserted in all 


accesses to external three-state-access areas. 


Bus Arbiter 


The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There 
are four bus masters: the CPU, DMAC, refresh controller, and an external bus master. These 


bus masters use the bus to carry out read, write, and refresh operations. 


When bus request signals are received from one or more bus masters, at fixed times the bus 


arbiter determines priority and grants the use of the bus to one bus master. 
The bus master priority order is: 


(High) External bus master > refresh controller > DMAC > CPU (Low) 
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6.2 Refresh Controller 


Functions 


The refresh controller can be used for one of three functions: DRAM refresh control, pseudo- 


static RAM refresh control, or as an interval timer. 


Features 


e Functions as a DRAM refresh controller 
— Enables direct connection of 16-bit-wide DRAM 
— Selection of 2CAS or 2WE mode 
— Selection of 8-bit or 9-bit column address multiplexing for DRAM address input 
— CAS-before-RAS refresh control 
— Software-selectable refresh interval 
— Software-selectable self-refresh mode 
— Wait states can be inserted 


e Functions as a pseudo-static RAM refresh controller 
— RFSH signal output for refresh control 
— Software-selectable refresh interval 
— Software-selectable self-refresh mode 
— Wait states can be inserted 


e Functions as an interval timer 
— Refresh timer counter (RTCNT) can be used as an 8-bit up-counter 
— Selection of seven counter clock sources: g/2, ¢/8, 6/32, 6/128, @/512, g/2048, g/4096 
— Interrupts can be generated by compare match between RTCNT and the refresh time 
constant register (RTCOR) 
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DRAM Refresh Control: The following diagrams show the interface timing for 2CAS 
DRAM and an interface circuit for 2WE DRAM. 


Read cycle ‘ Writecycle* . Refresh cycle | 


CS, (RAS) ee eel 

awa wes) LL L$ 
cwR (wows) 
RD (WE) aia an 5 aa oi 
RFSH SEE ) . -— 


Note: * 16-bit access 





DRAM Control Signal Output Timing (2CAS Mode) 


An example of an interconnection to 2WE 4-Mbit DRAM is shown next. 


2WE 4-Mbit DRAM 
with x 16-bit organization, 
10-bit row address x 8-bit 
coiumn address 


H8/3048 
Series 


CAS 
UW 
LW 
OE 


O45 to /Oo 





Interconnections for 2WE 4-Mbit DRAM (Example in Expanded 16-Mbyte Mode) 
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2CAS 4-Mbit DRAM 
with x 16-bit organization, 
9-bit row address x 9-bit 
column address 


H8/3048 
Series 


| UCAS 

| CCAS 

| cw 
— OE 


1 1/045 to Oo 


2CAS 4-Mbit DRAM 
with x 16-bit organization. 
9-bit row address x 9-bit 
coiumn address 


H8/3048 
Series 


O45 to WOg 


VO4s to Oo 





Interconnections for Two 4-Mbit DRAM Chips (Example in 16-Mbyte Mode) 
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6.3 DMA Controller 


Functions 


The DMA controller (DMAC) can transfer data on up to four channels (channels OA, OB, 1A, 
and 1B). Each channel can execute memory-I/O transfers independently in short address 
mode. Pairs of channels can combine to execute memory-memory transfers in full address 


mode. 


Features 


e Selection of short address mode or full address mode 


Short address mode | 
— 8&-bit source address and 24-bit destination address, or vice versa 
— Maximum four channels available 


— Selection of I/O mode, idle mode, or repeat mode 


Full address mode 
— 24-bit source and destination addresses 
— Maximum two channels available 


— Selection of normal mode or block transfer mode 
e Directly addressable 16-Mbyte address space 
e Selection of byte or word transfer 


e Activation by internal interrupts, external requests, or auto-request (depending on transfer 
mode) 
— 16-bit integrated timer unit (ITU) compare match/input capture interrupts (four) 
— Serial communication interface (SCI) transmit-data-empty/receive-data-full interrupts 
— External requests 


— Auto-request 
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Block Diagram 


internal address bus 


/ 
t 


| os 


! Address buffer eae 
Arithmetic-logic unit ae 


MAROA | 
iIOAROA 
|  ETCROA 
. MAROB 


internal interrupts 


IMIAO 
IMIA1 
IMIA2 
iMIA3 
TXI0 
RXI0 


Control logic 


External pins 


Channel 0 


IOAROB 


ETCROB 
MAR1A 


interrupt signals 


DENDOA 
DENDOB 
DENDIA 
DEND1B 


Module data bus 


IOARIA 
ETCRIA | 


MAR1B 





Channel 1 


lIOAR1B 
ETCRIB 


Neier 


internai data bus 


Data transfer control register 
Memory address register 

/O address register 

Execute transfer count register 





Block Diagram of DMA Controller 
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Transfer Modes 


The DMAC provides a choice of short and full address modes. The short address mode 
includes I/O mode, idle mode, and repeat mode, and permits independent transfers on channels 
A and B. The full address mode includes normal mode and block transfer mode, in which 


channels A and B are combined. The functions of the transfer modes are summarized as 





follows. 
Address Reg. Length 
Transfer Mode Activation Source Destination 
Short 1. I/O mode e Compare match/input 24 8 
address e Transfers one byte or one word per | capture A interrupts 
mode request from ITU channels 
° Increments or decrements the memory Oto3 
address by 1 or 2 ¢ Transmit-data-empty 
e Executes 1 to 65,536 transfers interrupt from SCI 
2. Idle mode 
e Transfers one byte or one word per 
request 
¢ Holds the memory address fixed e Receive-data-full 8 24 
¢ Executes 1 to 65,536 transfers interrupt from SCI 
3. Repeat mode 
¢ Transfers one byte or one word per 
request e External request 24 8 
¢ Increments or decrements the memory 
address by 1 or 2 
e Executes a specified number (1 to 256) 
of transfers, then returns to the initial 
state and continues 
Full 1. Normal mode ¢ Auto-request 24 24 
address ¢ Auto-request ¢ External request 
mode — Retains the transfer request internally 


— Executes a specified number 
(1 to 65,536) of transfers continuously 

— Selection of burst mode or cycle-steal 
mode 

e External request 

— Transfers one byte or one word per 
request 

— Executes 1 to 65,536 transfers 


2. Block transfer mode ¢ Compare match/input 24 24 
¢ Transfers one block of a specified capture A interrupts 
size per request from ITU channels 
e Executes 1 to 65,536 transfers 0to3 
e Allows either the source or destination e External request 


to be a fixed block area 
¢ Block size can be 1 to 256 bytes 
or words 
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Operation in I/O Mode 


Kw OF 
i 


Address T —~ < Transfer > 


1 byte or wora is iransferred 
per request 


Address B ——~ 


Legend 


L = initial setting of memory address register (MAR) DTID =0: Increment 


N = initial setting of execute transfer count register (ETCR) DTID =1: Decrement 
Address T =L DTSZ=0: Byte size 


Address B = L + (-1)0TID . (2DTSZ . N — 4) DTSZ = 1: Word size 





Operation in Idle Mode 


1 byte or word is transferred 
per request 
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Operation in Repeat Mode 


Address T —> ) < Transfer > 


1 byte or word is transferred 
per request 


Legend 


L = initial setting of MAR DTID =0: Increment 
N = initial setting of ETCRH and ETCRL DTID =1: Decrement 
Address T=L DTSZ =0: Byte size 
Address B = L + {(-1)O1ID . (2DTSZ . N — 4) DTSZ = 1: Word size 





Operation in Normal Mode 


Address T, —> <Transfer 2 ~— Address Tg 
I 

| 

| 


| 
! 


| 


Address Ba —> <— Address Bg 


Legend 


La = initial setting of MARA SAIDE/DAIDE = 0: Fixed 

Lg = initial setting of MARB SAIDE/DAIDE = 1: Increment or decrement enabled 
N = initial setting of ETCRA SAID/DAID = 0: Increment 

Ta=la SAID/DAID = 1: Decrement 

Ba = La + SAIDE - (-1)SAID . (2DTS2 . N — 1) DTSZ=0: Byte size 

Tg=lg DTSZ=1: Word size 

Ba = Lg + DAIDE - (-1)OAID . (2DTSZ . N — 1) 
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Operation in Block Transfer Mode 





~— Address Tg 


Block 1 = 
\ Transfer > Block area . ! 
Ba—+ E ea | 

: | | =— Address Bg 
| Block 2 
| M bytes or words are transferred 
per request 
‘ 

Block N 

Legend 


La = initial setting of MARA 

Lg = initial setting of MARB 

M = initial setting of ETCRAH and ETCRAL 
N = initial setting of ETCRB 

Ta=la 

Ba = La + SAIDE - (-1)SA!D . (QDTSZ . Ny — 1) 
Tg =Ls 

Bp = Lg + DAIDE - (-1)DAID . (20TSZ . Y — 1) 


SAIDE/DAIDE = 0: 
SAIDE/DAIDE = 1: 
SAID/DAID = 0: 
SAiD/DAID = 1: 
DTSZ = 0: 

DTSZ =1: 
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Fixed 

Increment or decrement enabled 
Increment 

Decrement 

Byte size 

Word size 


DMAC Activation 


The DMAC can be activated by an internal interrupt, external request, or auto-request. The 


available activation sources differ depending on the transfer mode and channel as follows. 


Short Address Mode Full Address Mode 


Activation Source Channels Channels 
0A and 1A 0B and 1B 


Internal interrupts IMIAO 
IMIA1 
IMIA2 
IMIA3 
TXI0 
RXI10 
External requests Falling edge of DREQ 
Low input at DREQ 


Block 


x Oo 





- - 
| rh 


ce) 


Auto-request 


DMAC Bus Cycle 


The following diagram shows an example of the timing of the basic DMAC bus cycle for a 


word-size transfer from a 16-bit two-state-access area to an 8-bit three-state-access area. 


CPU cycle | DMAC cycle (word transfer) | CPU cycle 


T, To Ty To Ta 1 To Ty To T3 Ty To T3 Ti To Ty Ta 


‘ Source | 
‘ address! Destination address 





DMA Transfer Bus Timing (Example) 
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6.4 16-Bit Integrated Timer Unit (ITU) 


Functions 


The H8/3048 Series has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer 
channels. The ITU can process up to 12 pulse outputs, or up to 10 pulse inputs. It can also 
provide complementary PWM output, measure pulse width, process input from a 

two-phase encoder, and activate the programmable timing pattern controller (TPC) and DMA 
controller (DMAC). 


Features 


¢ Capability to process up to 12 pulse outputs or 10 pulse inputs 


¢ Ten general registers (GRs, two per channel) with independently-assignable output compare 


or input capture functions 


¢ Selection of eight counter clock sources for each channel: 
Internal clocks: ¢, @/2, 0/4, 0/8 
External clocks: TCLKA, TCLKB, TCLKC, TCLKD 


¢ Five operating modes selectable in all channels: 


— Waveform output by compare match 


Selection of 0 output, 1 output, or toggle output (only O or 1 output in channel 2) 


— Input capture function 
Rising edge, falling edge, or both edges (selectable) 


— Counter clearing function 


Counters can be cleared by compare match or input capture 


— Synchronization 
Two or more timer counters (TCNTs) can be preset simultaneously, or cleared 
simultaneously by compare match or input capture. Counter synchronization enables 


synchronous register input and output. 
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— PWM mode 
PWM output can be provided with an arbitrary duty cycle. With synchronization, up to 
five-phase PWM output is possible 


Phase counting mode selectable in channel 2 


Two-phase encoder output can be counted automatically. 
Three additional modes selectable in channels 3 and 4 


— Reset-synchronized PWM mode 
If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs 


of complementary waveforms. 


— Complementary PWM mode 
If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs 


of non-overlapping complementary waveforms. 


— Buffering 
Input capture registers can be double-buffered. Output compare registers can be updated 
automatically. 


High-speed access via internal 16-bit bus 
The 16-bit timer counters, general registers, and buffer registers can be accessed at high 
speed via a 16-bit bus. 


Fifteen interrupt sources 
Each channel has two compare match/input capture interrupts and an overflow interrupt. 


All interrupts can be requested independently. 


Activation of DMA controller (DMAC) 
Four of the compare match/input capture interrupts from channels 0 to 3 can start the 
DMAC. | 


Output triggering of programmable pattern controller (TPC) 


Compare match/input capture signals from channels 0 to 3 can be used as TPC output 


triggers. 
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Block Diagram 


TCLKA to TCLKD | | IMIAO to IMIA4 
9, 0/2, ! Clock selector | IMIBO to IMIB4 
0/4, 0/8 aaa meee OVIO to OVI4 
(interrupt signals) 
TOCXA4, TOCXB4 «< 
TIOCAO to TIOCA4 <> 


TIOCBO to TIOCB4 


Controi logic 


las Internal 
data bus 


16-bit timer channelO. kK 
Bus interface 


16-bit timer channel2 |K > 
| 16-bit timerchannel1 (O°: 


wv , o% | 
Oi] | oO] 
Cc } & | 
Cc cc | 
wo ; © | 
— Pt ang 
Oo 1, O | 
deo thee fl 
red) ; @ | 
E;1E& 
Canad Te coed 
= = 
S| | 3 
© CO § 
- a 


{ 

i 

| 

| 

| 
boot 
NU 


Module data bus 


Timer output master enable register (8 bits) 
Timer output control register (8 bits) 
Timer start register (8 bits) 
Timer synchro register (8 bits) 
: Timer mode register (8 bits) 
Timer function control register (8 bits) 





ITU Block Diagram (Overall) 
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Block Diagram of Channels 0 and 1 (One Channel) 





TCLKA to TCLKD | 


Clock selector TICOAO 
2, 2/2, | | TICOBO 


9/4, 0/8 Control logic | IMIAO 


IMIBO 
Comparator OvIO 


< Module data bus ? 


Timer counter (16 bits) 

General registers A and B (input capture/output compare registers) (16 bits ¥ 2) 
Timer control register (8 bits) 

Timer 1/O control register (8 bits) 

Timer interrupt enable register (8 bits) 

Timer status register (8 bits) 


Block Diagram of Channel 2 


Legend 
TCNT2: 


TCLKA toTCLKD [SSS 
| TIOCA2 


9. 9/2, | | TIOCB2 
2/4, 2/8 | . Control logic IMIA2 


IMIB2 
OVI2 


< Module data bus > 


Timer counter 2 (16 bits) 


GRA2/B2: General registers A2 and B2 (input capture/output compare registers) (16 bits ¥ 2) 


TCR2: 
TIOR2: 
TIER2: 
TSR2: 





Timer control register 2 (8 bits) 

Timer I/O control register 2 (8 bits) 
Timer interrupt enable register 2 (8 bits) 
Timer status register 2 (8 bits) 
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Block Diagram of Channel 3 


TCLKA to TCLKD 


Pere Clock selector TIOCA3 


TIOCB3 


2/4, 2/8 Control logic IMIA3 


> IMIB3 
Comparator OVI3 


Module data bus 


Legend 


TCNT3: Timer counter 3 (16 bits) 

GRA3/B3: General registers A3 and B3 (input capture/output compare registers) (16 bits x 2) 
BRA3/B3: Buffer registers A3 and B3 (input capture/output compare buffer registers) (16 bits x 2) 
TCR3: Timer control register 3 (8 bits) 

TIOR3: — Timer I/O control register 3 (8 bits) 

TIER3: — Timer interrupt enable register 3 (8 bits) 

TSR3: Timer status register 3 (8 bits) 





Block Diagram of Channel 4 


TOCXA4 
TCLKA to TCLKD TOCXB4 
/ Clock selector 
6, 2/2, TIOCA4 


2/4, 2/8 Control logic TIOCB4 


= 
OVI4 
amici s C 


Module data bus 


Legend 


TCNT4: Timer counter 4 (16 bits) 

GRA4/B4: General registers A4 and B4 (input capture/output compare registers) (16 bits x 2) 
BRA4/B4: Buffer registers A4 and B4 (intput capture/output compare buffer registers) (16 bits x 2) 
TCR4: Timer control register 4 (8 bits) 

TIOR4: — Timer W/O control register 4 (8 bits) 

TIER4: — Timer interrupt enable register 4 (8 bits) 

TSR4: Timer status register 4 (8 bits) 
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Interrupt Sources and DMA Controller (DMAC) Activation 


The ITU has 15 interrupt sources, among which four of the compare match/input capture 


interrupts can activate the DMAC to perform data transfers. 


Channel 
0 IMIAp 
IMIBo 
OVIy 
1 IMIA, 
IMIB, 
OVI, 
2 IMIAs 
IMIBs 
OVI» 
3 IMIA3 
IMIBs 
OVI, 
4 IMIA, 
IMIBg 
OVI, 


interrupt Source 


Description 

GRA compare match or input capture 
GRB compare match or input capture 
Timer counter 0 overflow 

GRA compare match or input capture 
GRB compare match or input capture 
Timer counter 1 overflow 

GRA compare match or input capture 
GRB compare match or input capture 
Timer counter 2 overflow 

GRA compare match or input capture 
GRB compare match or input capture 
Timer counter 3 overflow 

GRA compare match or input capture 
GRB compare match or input capture 


Timer counter 4 overflow 
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DMAC Activatable Priority 
Yes High 
No 

No 

Yes 

No 

No 

Yes 

No 

No 

Yes 

No 

No 

No 

No 


No Low 


Pulse Output 


O output, 1 output, or toggle output can be selected. 


Example of Two-Phase Pulse Output: The following example shows two-phase pulse output 


on channel 0. 


Timer counter value Be 7 
we Counter ciearea by GRB compare match 


GRB 


Time 


TIOCBO ! : : Toggle output* 


; E : 
i é i t 


TIOCAO | | | Toggle output* 


TIOCBO | | 1 output 
TIOCAO | O output 


| Channel 0 Channel 1 Channel 2 Channel3 | Channel 4 


O output or 1 output | o ° ° 
Toggie output | | — ° o 


Note: * Channel 2 provides only 0 output or 1 output. 
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PWM Mode 


GRA and GRB can be paired to generate a PWM waveform with independently selectable 
period and duty cycle. With synchronization, up to five-phase PWM output is possible. 


Example of Single-Phase PWM Output: The following example shows single-phase PWM 
output on channel 0. 


Timer counter value 
) ae Counter cleared by GRB compare match 


' GRB 
GRA 


H'0000 


TIOCAO | | | i 


| Channel0O Channel 1 Channei 2 Channel 3 Channel 4 
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Complementary PWM Output Mode 


Channels 3 and 4 can be combined to output complementary, non-overlapping PWM 


waveforms. 


Example of Operation in Complementary PWM Mode (Up/Down Counting): The 


following example shows output of complementary PWM waveforms on channels 3 and 4. 


Timer counter values 


GRA3 
GRB3 
GRA4 
GRB4 


TIOCAS 
TIOCB3 


TIOCA4 
TOCXA4 


TIOCB4 
TOCXB4 


Up-counting starts when TCNT4 underflows 
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Reset-Synchronized PWM Mode 


Channels 3 and 4 are combined to produce three pairs of complementary PWM waveforms, all 


having one waveform transition point in common. 


Example of Operation in Reset-Synchronized PWM Mode (Up-Counting): The following 


example shows reset-synchronized PWM output on channels 3 and 4. 


Maer eeu ner vents Pa Cleared by GRA3 compare match 


abenw eho ane 


t 
' 
‘ 
d 
‘ 
i) 
‘ 
U 
i 
i 
' 
4 


ee 
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Pulse Measurement Functions 


The pulse period of an external pulse signal can be measured by connecting the signal to an 
input capture pin. Input capture on the rising edge, falling edge, or both edges can be selected. 
(Similarly, when an external clock is selected, the rising edge, falling edge, or both edges of 


the clock signal can be counted.) 


Example of Operation in Input Capture Mode: The following example shows pulse cycle 


measurement on channel 1. 


Timer counter value Counter cleared by TIOCB1 
input (falling edge) 


TIOCB1 | 


TIOCA1 


GRA 


Note: Both edges of the TIOCA1 input are selected, the falling edge of the TIOCB1 input is selected, and 
the counter is cleared by input capture B. 
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Event Counting 


External events can be counted by inputting event signals to pins TCLKA to TCLKD. 
Counting of the rising edge, falling edge, or both edges can be selected. 


Example of External Event Counting: The following example shows counting of external 


events on channel 1. 


Timer counter value 


Timer counter 1 


TCLKA | 1 ; | ) | 1 


Note: The diagram illustrates up-counting on both edges. 
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Two-Phase Encoder Processing 


This function is available only on channel 2. Output pulses from a two-phase encoder in a 
motor are input to pins TCLKA and TCLKB. The timer counter counts up or down according 
to the phase difference. The following example illustrates two-phase encoder processing by 
channel 2. 


Timer counter value 


Counting up Counting down 


t 
¢ 
e 
5 


t 
c 
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6.5 Programmable Timing Pattern Controller (TPC) 


Functions 


The programmable timing pattern controller (TPC) receives input signals from the 16-bit 


integrated timer unit (ITU), and can control up to 16 output signals simultaneously. 


Features 


¢ 16-bit output data 
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis. 


¢ Four output groups 
Output trigger signals can be selected in 4-bit groups to provide up to four independent 
4-bit outputs. 


e Selectable output trigger signals 
Output trigger signals can be selected for each group from the compare-match signals of 
four ITU channels. 


e Non-overlap mode 


A non-overlap margin can be provided between pulse outputs. 
e Can be teamed with the DMA controller (DMAC) 


The compare-match signals selected as output trigger signals can activate the DMAC for 


output of data sequences without CPU intervention. 
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Block Diagram 


ITU compare match signals 


PADDR PBDDR 
Control logic aaa 


internal 


Pulse output data bus 


pins, group 3} 


| Pulse output 


a 
é | es 
| at 
Pulse output | ae 


pins, group 1 


TPC output mode register 
TPC output control register 
Next data enable register B 
Next data enable register A 

: -Port B data direction register 
Port A data direction register 
Next data register B 
Next data register A 
Port B data register 
Port A data register 





TPC Block Diagram 
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Example of Four-Phase Complementary Non-Overlapping Output 


The following example shows four-phase complementary non-overlapping pulse output. 
Output goes to 0 at compare match B and to 1 at compare match A. The non-overlap margin is 
set in register GRA of the ITU channel selected as the output trigger. The period from one 
pulse to the next is set in GRB. The pulse outputs are obtained by writing the illustrated output 
data at IMFA interrupts. 


Timer counter value 


we Counter cleared by GRB compare match 


*—  Non-overiap margin 
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6.6 Watchdog Timer (WDT) 


Functions 


The watchdog timer (WDT) can be used for system supervision. The WDT has two selectable 
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as 


an interval timer. 


Features 


e Selection of eight counter clock sources 
6/2, 9/32, 6/64, 6/128, @/256, 6/512, @/2048, or 6/4096 


e Interval timer option 


e Timer counter overflow generates a reset signal or interrupt 
The reset signal is generated in watchdog timer operation. An interval timer interrupt is 
generated in interval timer operation. 


¢ Watchdog timer reset signal resets the entire chip internally, and can also be output 
externally 
The reset signal generated by timer counter overflow during watchdog timer operation 
resets the entire chip internally. An external reset signal can be output from the RESO pin to 


reset other system devices simultaneously. 
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Block Diagram 


Overflow 


| TONT (o> Read/ | Internal data bus 
Interrupt Interrupt 
signal _(interval timer) contros control 
ee Internal clock sources 
o/2 


2/64 


Reset Clock 0/128 


(internal, external) 





selector 3/256 


@/512 
2/2048 
2/4096 


Legend 


TCNT: Timer counter 
TCSR: Timer control/status register 
RSTCSR: Reset control/status register 





Watchdog Timer Block Diagram 
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Watchdog Timer Operation 


The following example shows watchdog timer usage. The timer counter (TCNT) starts 


counting up, using the specified clock source. 


Timer counter value 
A 


| WDT overtlow : 
H'FF |------------ oo eee nen errr renee ne qqrict rrr cree | 


H'00- 





Start H'00 written in Start H'00 written in timer counter 
timer counter Reset 
eS 


| Reset signal aaa aa 


Notes: 1. Internal reset signal generated by WDT overflow: 518 states. 
2. External reset signal output for 132 states. 


Interval Timer Operation 


The following example shows interval timer usage. The timer counter (TCNT) starts counting 
up, using the specified clock source, and generates an interval timer interrupt request at each 


TCNT overflow. This function can be used to generate interrupts at regular intervals. 


Timer countervalue 


Interval Interval Interval 
timer timer timer timer 
interrupt interrupt interrupt interrupt 
request request request request 
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6.7 Serial Communication Interface (SCI) 


Functions 


The H8/3048 Series has a serial communication interface (SCI) with two channels. The SCI is 
an on-chip supporting module that can perform serial communication with external devices in 
asynchronous or synchronous mode. It also has a multiprocessor communication function for 
communication among two or more processors, and one of the two SCI channels has a smart 


card interface function for communication with an IC card. 


Features 

e Selection of asynchronous mode or synchronous mode 

e Full duplex communication 

¢ Double-buffered data registers for continuous transmit/receive 

e Built-in baud rate generator with selection of arbitrary bit rate 

¢ Selection of built-in baud rate generator or external clock input (SCK pin) as clock source 

e Three types of receive errors detected: overrun errors, framing errors, and parity errors 

¢ Detection of line break state 

e Four independently requestable interrupt sources: transmit data empty, transmit end, receive 
data full, and receive error, of which transmit data empty and receive data full can activate 
the DMA controller 


¢ Built-in multiprocessor communication function 


e Built-in smart card interface function for communication with IC cards 
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Block Diagram 


intemal databus 


Module databus 


Bus interface 


Baud rate “ 

generator 6/4 intemal clock 
2/16 sources 
6/64 


Transmit/ 
receive control 


Parity generate 
Parity check 
Extemal clock 


Receive shift register 

Receive data register 

Transmit shift register 

Transmit data register 

Serial mode register 

Serial control register 

Serial status register 

Bit rate register 

Smart card mode register (channel 0 only) 





Serial Communication Interface Block Diagram (One Channel) 
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Asynchronous Mode 


Asynchronous mode is a serial communication mode in which each character is framed by a 
start bit and a stop bit. 


¢ Twelve selectable communication formats 

— Data length: 7 or 8 bits 

— Stop bit length: 1 or 2 bits 

— Parity bit: even, odd, or none 

— Multiprocessor bit: 1 or 0 
e Selection of built-in baud rate generator or external clock input (SCK pin) as clock source 
¢ Output of serial clock at SCK pin 


¢ Detection of break state by reading state of RxD pin when a framing error occurs 


¢ Multiprocessor communication 
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Frame iength (bits) 


1 2 3 4 5 6 7 8 9 10 11 12 
[saw] Saas —SCSCSCS~S~dC | 
ce 
[San] ae SSCS~Ss Sa] 
[Sano] te —SSSCSC~S~S~ir 
[Seno] wee SSCSC~S~SCSCSC~S So 



























' Start bit 


















Note: * MPB: Multiprocessor bit. 


Communication Formats and Frame Length in Asynchronous Mode 
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Multiprocessor Communication Function 


Two or more processors can share a single serial communication line by using a format with an 


additional multiprocessor bit. 


The transmitting processor starts by sending the ID of the receiving processor with which it 
wants to communicate as data with the multiprocessor bit (MPB) set to 1. Next the transmitting 
processor sends transmit data with the MPB cleared to 0. 


A receiving processor skips incoming data until it receives data with the MPB set to 1, at 
which point it compares the data with its own ID. If the ID matches, the receiving processor 
continues to receive further incoming data. If the ID does not match, the receiving processor 


skips further incoming data until it again receives data with the MPB set to 1. 


t 
Transmitting 
processor 


Serial communication line 


Receiving 
| processor D 


Serial 
data 


ID-sending cycle: Data-sending cycle: data sent 
receiving processor to receiving processor 
address specified by ID 


Legend 
MPB: Multiprocessor bit 





Example of Communication among Processors using Multiprocessor Format 


(Sending Data H'AA to Receiving Processor A) 
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Synchronous Mode 


In synchronous mode, the SCI transmits and receives data in synchronization with clock 


pulses. This mode is suitable for continuous, high-speed serial communication. 

e Data length: 8 bits/character 

e Overrun errors detectable 

¢ Selection of built-in baud rate generator or external clock input (SCK pin) as clock source 
° LSB-first format: least si gnificant bit is transmitted or received first 


e Can communicate with H8/500 Series, H8/300 Series, HD64180, and other chips having a 


synchronous mode 


If the internal baud rate generator is selected, the SCK pin automatically switches to output 
mode and eight serial clock pulses are output. Communication is possible with other chips 
having a built-in synchronous serial interface, including the HD64180, HD6301, and H8 


Series. 


1 character 


Serial clock EVE ecec ee eeaee eee 





Data Format in Synchronous Mode (Example) 
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Interrupt Sources and DMA Controller Activation 


The SCI has four interrupt sources: receive error (Overrun error, framing error, or parity error), 


transmit end (MSB sent), transmit data empty, and receive data full. The transmit data empty 


and receive data full interrupts in channel 0 can activate the DMA controller. Data can be 


transmitted or received continuously without software overhead by using the DMA controller 


to write the next transmit data when the transmit data empty interrupt occurs, or read receive 


data when the receive data full interrupt occurs. 


SCI Interrupt Sources 


interrupt Source Description DMAC Activatable Priority 
ERI Receive error interrupt No High 
Rx| Receive data register full interrupt Yes A 
Tx! Transmit data register empty interrupt Yes | i 
TEI Transmit end interrupt No Low 
Examples of Bit Rates and BRR Settings (Synchronous Mode) 
@ (MHz) 2 | 4 | 8 10 16 
Bit Rate (bits/s) | n : N ion | N ion | ON n N n | N 
r = re 
250 pepe tae Pe SS 249 
500 124 | 2 | —| 3 | 124 
1k 1 | 124: 4 | 249 |! 2 | 124 = es ee 249 
2.5k ; 0 199 | 1 {[ 99 i 4 199 | 1 249 | 2 99 
5k / 0 | 99 | oO | 199 | 14 99 |} 1 | 124 199 
10k | o | | o | | o | 199 1_| 99 
25 k ee ee ar 159 
50k po | 9) o |} wi o |} @ | o | | o | 7 
100 k o | 4) oj} 9) o | wl] o | aw] o | 2 
250 k oo og oa eel pe ee ec ae ae 
500 k Po | of o | a} oo} 3s} of 4} 0) 
1M —| 0 | 
2M Po tf | ~ | J} of 
2.5M Ed | -— | — | 0 o| — _ 
4M | | 0 0 
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Clock 


The BRR setting is calculated as follows: n 
3 0 4) 
= ee 6 
Me otter 1 o/4 

2 @/16 
3 2/64 

Legend 

N: BRR setting for baud rate generator (0 < N < 255) 

@: System clock frequency (MHz) 

B: Bit rate (bits/s) 

n: Baud rate generator clock source (n = 0, 1, 2, 3) 


(For the clock sources and values of n, see the accompanying table.) 


6.8 Smart Card Interface 


Of the two SCI channels, SCIO supports a smart card interface by providing functions for 


serial communication with an IC card conforming to the ISO/IEC7816-3 (Identification Card) 


standard. 


Features 


The main features of the smart-card interface are as follows. 


One frame consists of eight data bits and a parity bit. 


In transmitting, a guard time of at least two elementary time units (2 etu) is provided 
between the end of the parity bit and the start of the next frame. 


In receiving, if a parity error is detected, a low error signal is output for 1 etu, beginning 
10.5 etu after the start bit. 


In transmitting, if an error signal is received, after at least 2 etu, the same data is 
automatically transmitted again. 


Only asynchronous communication is supported. There is no clock synchoronous operation. 


Selection of direct or inverse convention. 
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Connection Diagram 


Data line 


: | Clockline | 
| Px (port) | 


Reset line 


H8/3048 Series 


Card-processing device 





Smart Card Interface Connection Diagram 


Data Format 


e No parity error 





¢ Parity error 


! Output from transmitting device 
Output 
from 
Ds: Start bit receiving 
Dato Dh: Data bits device 
Dp: Parity bit 
DE: Error signal 








Smart Card Interface Data Format 
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6.9 A/D Converter 


Functions 


The H8/3048 Series includes a 10-bit A/D converter with a selection of up to eight software- 


selectable analog input channels. 


Features 


e 10-bit resolution 
e Eight analog input channels 


e High-speed conversion 


Conversion time: minimum 7.5 us per channel (with 18-MHz system clock) 
e Selection of two conversion modes: scan and single mode 
Single mode: A/D conversion of one channel 
Scan mode: continuous A/D conversion of one to four channels 
e Sample-and-hold function 
e External reference voltage pin 
e A/D conversion can be externally triggered 
e Four 16-bit data registers 
A/D conversion results are transferred for storage into data registers corresponding to the 


channels. 


e A/D interrupt requested at end of conversion 
At the end of A/D conversion, an A/D end interrupt request (ADJ) can be sent to the CPU. 


96 Hitachi 


Block Diagram 


Internal 


data bus 
Module data bus 


Bus interface 


~~ 
2 
D> 
® 
i= 
c 
ro} 
e 
I 
£ 
x 
2 
a 
Qa | 
o | 
® 
2 
B 
a 
oO 
Ss 
“”) 


Control circuit 


Sample-and- 
hold circuit 


Analog multiplexer 


| ADI interrupt 


signal 


A/D control register 
A/D control/status register 
A/D data register A 
A/D data register B 
A/D data register C 
A/D data register D 





A/D Converter Block Diagram 
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Operation 


The A/D converter operates by successive approximations with 10-bit resolution. The eight 
analog input channels are selected by bits CH2 to CHO in ADCSR. 


Bit 2 Bit 1 Bit 0 Channel Selection 
CH2 CHO Single Mode Scan Mode 


AN, | ANo and AN, 


1 
1 | 0 AN, | AN, to AN> 
1 AN, ANo to AN3 
1 | 0 0 | as AN, 
Nz AN, to AN7 


Single Mode: In this mode A/D conversion is performed on one channel under CPU control. 
A/D conversion starts when the ADST bit is set to 1 in ADCSR. When conversion ends, the 
end flag (ADF) is set. If the interrupt enable bit (ADIE) is also set, an A/D conversion end 
interrupt (ADJ) is requested at this time, and the interrupt-handling routine can process the 
A/D conversion result. 


Scan Mode: This mode can be used to monitor analog inputs on one to four channels. A/D 
conversion starts on the first channel when the ADST bit is set to 1. As soon as conversion of 
the first channel ends, conversion of the second channel begins. (If only one channel is 
selected, conversion of the same channel begins again.) A/D conversion continues until the 
ADST bit is cleared. The conversion results are transferred to and stored in data registers 
ADDRA to ADDRD, using a separate data register for each channel. 


The ADST bit can be set by software, or by an external trigger signal (ADTRG). 
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6.10 D/A Converter 


The H8/3048 Series has a built-in 8-bit D/A converter that can be programmed to output 


analog signals on a maximum two channels. 
Features 


e Eight-bit resolution 

¢ Two analog output pins 

e Conversion time: maximum 10 us 
e Output voltage: 0 V to Vere 


e D/A outputs maintained during software standby 


Block Diagram 


Internal 
data bus 


a 


Module data bus 


Bus interface 


8-bit D/A 


Control circuit 


Legend 


DACR: D/Acontrol register 
DADRO: D/A data register 0 
DADR1: D/A data register 1 
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Operation 


Setting a D/A output enable bit to 1 enables the D/A converter. The data-register (DADR) 
contents are converted to a signal that is output constantly from the corresponding pin. The 


output voltage is: 
DADR contents x VREF 
256 | 


6.11 I/O Ports 


The H8/3048 Series has eleven input/output ports (ports 1, 2, 3, 4,5, 6, 7, 8,9, A, and B), the 
functions of which are indicated in the following table. The pins in each port are multiplexed 


so that they can also be used as input/output pins of the on-chip supporting modules. 
Each port has a data direction register (DDR) for selecting input or output, and a data register 


(DR) for storing output data. In addition to their DDR and DR, ports 4 and 5 have an input 
pull-up control register (PCR) for switching input pull-up transistors on and off. 
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Port 1 | ¢ 8-bit 1/O port P17 to P1o/ Address output pins (A7 to Ag) Address output (A7 to | Generic 
¢ Can drive LEDs | A7 to Ap Ao) and generic input | input/ 
DDR = 0: generic output. 
input 
DDR = 1: address 
output 
Port 2 | ¢ 8-bit |/O port P27 to P2o/ Address output pins (A;s5 to Ag) Address output (Ajs | Generic 
¢ Input pull-up Ais to Ag to Ag) and generic input/ 
on-chip input output 
¢ Can drive LEDs DDR = 0: generic 
input 
DDR = 1: address 
output 
Port 3 | ¢ 8-bit 1/O port P37 to P3o/ Data input/output (D;5 to Dg) Generic 
Dis to Dg input/ 
output 
Port 4 | ¢ 8-bit I/O port P4, to P4)/ Data input/output (D7 to Dg) and 8-bit generic input/output Generic 
e Input pull-up D7 to Do 8-bit bus mode: generic input/output input/ 
on-chip 16-bit bus mode: data input/output output 
Port 5 | » 4-bit 1/O port P53 to P5o/ Address output (Aj; to Aj) Address output (Ajg | Generic 
° Input pull-up Ajg to Aig | to A,,) and generic input/ 
| on-chip input output 
¢ Can drive LEDs DDR = 0: generic 
input 
DDR = 1: address 
P6,/LWR Bus control signal output (LWR, H Generic 
P6./HWR input/ 
P6,/RD output 


P6,/AS 













Port 6 | * 7-bit I/O port 


P6./BACK Bus control signal input/output (BACK, BREQ, WAIT) and 3-bit 
P6,/BREQ generic input/output 
P6)/WAIT 


Port 7 | ¢ 8-bit 1/O port P7,/AN,/DA, Analog input (AN7, AN,) to A/D converter, analog output (DA,, DAg) 
P7,/AN,/DAp from D/A converter, and generic input 
P7. to P7)/ Analog input (AN; to AN») to A/D converter, and generic input 
ANz to ANo 

Port 8 | ¢ 5-bit 1/O port 












e P8> to P8& have 
Schmitt inputs 


| P8,/CS DDR = 0: generic input | Generic 
DDR = 1 (reset value): CS, output input/ 
output 










P8,/CS,/IRQ, IRQ, to IRQ, input, CS; to CS, output, and generic input IRQ, to 
P82/CS2/IRQ2 DDR = 0 (reset value): generic input IRQo 
P8,/CS,/IRQ; DDR = 1: CS; to CS output input and 
IRQo input, RFSH output, and generic input/output Ta 
output 





Port 9 | ¢ 6-bit I/O port Input and output (SCK,, SCKp, RxD,, RxDo, TxD,, TxDo) for serial 
communication interfaces 0 and 1 (SCI0/1), IRQ. and IRQ, input, and 6-bit 


generic input/output 
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Port | Description | Pins | Modei | Mode2 | Mode3 Mode 7 
Port A| ¢ 8-bit I/O port | PA7/TP7/TIOCB./ | Output (TP) from | Address output TPC Address {| TPC 
le Schmitt inputs | Azo programmabie (Az9} output {| output output 
timing pattern | (TP,), ITU} (Ago) (TPy), ITU 
controller (TPC), | input or input or 
input or output output output 
(TIOCB,) for 16-bit (TIOCB,), (TIOCB,), 
integrated timer unit and and 
(ITU), and generic generic generic 
input/output input/ input/ 
output output 
PA,/TP,/TIOCA,/ | TPC output(TP,to | TPC output (TP, to TPC TPC | TPC 
Ao,/CS, | TP,), TU input and =| TP,), {TU input and | output | output output 
PA/TPs/TIOCB,/ | output (TIOCA, | Output (TIOCAd, | (TPg to (TP¢ to (TPg to 
A2/CSs TIOCB,, TIOCA)), TIOCB,, TIOCA)), TP4), ITU | TP,), ITU | TP4), ITU 
PA,/TP,/TIOCA,/ | CS, to CS, output, | address output input and | input and | input and 
A,,/CS, | and generic input/ (Ag to Ap;), CS, output output output 
| output to CS, output, and (TIOCAs, | (TIOCAs, | (TIOCA,, 
generic input/output | TIOCB,, | TIOCB,, | TIOCB,, 
TIOCA;), | TIOCA,;), | TIOCA,), 
CS, to address | and 
CS. output generic 
output, (Ao3 to input/ 
and Ao), CS, | output 
generic | toCS, 
input/ output, 
output and 
| generic 
input/ 
output 
PA,/TP3/TIOCB,/ | TPC output (TP; to TP,), output (TEND,, TEND,) from DMA controller (DMAC), 
| TCLKD ITU input and output (TCLKD, TCLKC, TCLKB, TCLKA, TIOCBo, TIOCAg), and 
| PAD/TP2/TIOCA)/ orn input/output 
| TCLKC 
PA,/TP,/TEND,/ 
| TCLKB 
PA/TPo/TENDo/ 
TCLKA 
Port B | « 8-bit I/O port PB//TP,./DREQ,/ | TPC output (TP,;), DMAC input (DREQ,), external trigger input (ADTRG) to A/D 
¢ Can drive LEDs | ADTRG converter, and generic input/output 











e PB, to PBo have 
Schmitt inputs 









PB,/TP4/DREQo/ 


CS, input/output 





PB./TP,2/TOCXB, 
PB,/TP,5/TOCXA, 
PB./TP,,/TIOCB, 
PB./TP,9/TIOCA, 
PB,/TP,/TIOCB, 
PBy/TP,/TIOCA, 


TIOCA,, TIOCB3, TIOCA3), and generic input/output 
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TPC output (TP,,4), DMAC input (DREQ,), CS; output, and generic 


TPC 
output 
(TP 44), 
DMAC 
input 
(DREQo), 
and 
generic 
input/ 
output 


TPC output (TP3 to TPg), ITU input and output (TOCXB,, TOCXA,, TIOCB,, 


6.12 RAM 


Functions 


The H8/3048 and H8/3047 have 4 kbytes of high-speed static RAM on-chip. The H8/3044 has 
2 kbytes. The RAM is connected to the CPU by a 16-bit data bus. The CPU accesses both byte 
data and word data in two states, making the RAM useful for rapid transfer of word data and 


high-speed computation. 


The on-chip RAM can be enabled or disabled by the RAM enable bit in the system control 
register (SYSCR). 


Block Diagram 


ry 


internal data bus (upper 8 bits) 


{ 


Internal data bus (lower 8 bits) 
| H'FEF10 H'FEF11 SYSCR 


H'FEF12 H'FEF13 


On-chip RAM 


H'FFFOE H'FFFOF 


Even addresses Odd addresses 


SYSCR: System control register 





RAM Block Diagram (H8/3048, Mode 7) 


RAM Size Addresses 
H8/3048 4 kbytes H'FEF 10 to H'FFFOF 
H8/3047 4 kbytes H'FEF10 to H'FFFOF 
H8/3044 2 kbytes H'FF710 to H'FFFOF 


Note: The listed addresses apply in mode 7. 
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6.13 ROM (PROM or Masked ROM) 

Functions 

The H8/3048 has 128 kbytes of on-chip PROM or masked ROM. The H8/3047 has 96 bytes of 
masked ROM. The H8/3044 has 32 kbytes of masked ROM. Like the on-chip RAM, the ROM 


is connected to the CPU by a 16-bit bus and accessed at high speed in two states. 


Block Diagram 


Internal data bus (upper 8 bits) 


Internal data bus (lower 8 bits) — 
ae | 
| : j x } 


H'00000 H'00001 | 
H'00002-— ss J|~—SCH'00003_~—Csis 


On-chip ROM 


| H'FFFE H' FFFF 


Even addresses Odd addresses 





ROM Block Diagram (H8/3048, Mode 7) 


ROM Size Addresses Reserved Addresses PROM Version 


H8/3048 128kbytes  H'OO000toH'IFFFF  — Yes 
H8/3047. =: 96 kbytes H'00000 toH'17FFF —_ H'18000 to H'1FFFF = 


H8/3044 32 kbytes H'00000 to H'07FFF H'08000 to H'OFFFF — 
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PROM Programming 


When the PROM version of the H8/3048 is placed in PROM mode, it suspends its MCU 
functions and allows data to be written directly into the on-chip PROM. The PROM can be 
programmed and read in the same way as the HN27C101 EPROM (Vpp = 12.5 V), except that 
page programming is not supported. A 100-pin/32-pin socket adapter enables the 


programming to be done with a commercially available PROM programmer. 


100-pin QFP 


PROM programmer 


Socket adapter 





105 Hitachi 


Section 7 Power-Down State 


Besides its normal program execution state, the H8/3048 Series has a power-down state that 
reduces power consumption by halting the CPU and clock oscillator. The power-down state 
includes three modes: sleep mode, software standby mode, and hardware standby mode. 
Additional functions include module standby, which reduces power consumption in sleep 

- mode, and a gear function that reduces power consumption by dividing the system clock 

_ frequency. 


7.1 Sleep Mode 


The CPU enters sleep mode when the SLEEP instruction is executed. In sleep mode CPU 
operations halt, but the contents of CPU registers are retained. Supporting modules other than 
the CPU do not halt. 


Sleep mode can be exited by a reset or by any interrupt. The chip returns via the exception- 


handling state to the normal program execution state. 


7.2 Software Standby Mode 


Software standby mode is entered by setting the software standby bit (SSBY) to 1, then 
executing the SLEEP instruction. In this mode all functions of the CPU, on-chip supporting 
modules, and clock oscillator halt, but CPU register contents and on-chip RAM data are 
retained. I/O ports also remain in their existing states. 


Software standby mode can be exited by an external interrupt. After waiting for clock 
oscillation to stabilize, the chip returns via the exception-handling state to the normal program 
execution state. 


This mode reduces power consumption very sharply because the clock oscillator halts. 


7.3 Hardware Standby Mode 


Hardware standby mode is entered when the STBY pin is driven low. As in software standby | 
mode, all operations halt but CPU register contents and on-chip RAM data are retained. 


Hardware standby mode is exited by driving the RES pin low, then driving STBY high. The 
chip starts operating from the reset state. 
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Like software standby mode, this mode reduces power consumption very sharply because the 
clock oscillator halts. 


7.4 Module Standby Function 


The module standby function can halt output of the system clock. It can also place the 16-bit 
integrated timer unit (ITU), serial communication interface (SCIO, SCI1), DMA controller, 
refresh controller, and A/D converter in an independent standby state. This function enables 
power consumption to be reduced in sleep mode. The modules to be placed in standby are 
specified by corresponding register bits. 























Support- | 
Refresh ing vO 
Mode Controller| Functions Ports Exiting Method 
Sleep mode | Active Active Active Held Interrupt: Interrupt is 
recognized and 
interrupt exception 
handling starts. 
RES: Enters reset state. 
STBY: _ Transition to 
hardware standby 
mode. 
Software Halted | Halted Halted Held Interrupt: Interrupt starts 
standby (held) (reset) clock oscillator. 
mode After waiting for 


time set in on-chip 
timer to let clock 
stabilize, interrupt 
exception handling 
starts automatically. 


RES: Clock oscillator 
starts and chip 
enters reset state. 


STBY: _ Transition to 
hardware standby 
mode. 


To exit, drive RES low, then 












Hardware Halted | Halted Halted Halted High 



















standby (reset) (reset) impedance | drive STBY high, wait for 

mode clock to stabilize, and drive 
RES high. 

Module Standby if Clear corresponding bit to 0 

standby corresponding bit is in MSTCR 

function set to 1 in MSTCR 


Note: Status of registers is indicated in parentheses. The module standby function is available only for the refresh 
controller, DMAC, ITU, SCIO, SCl1, and A/D converter. 
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7.5 Gear Function 
After duty adjustment, the clock frequency can be divided in the range from 1/1 to 1/8. Power 


consumption is reduced in approximately direct proportion to the division ratio, which is 
specified in the division control register (DIVCR). 
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Section 8 System Development Environment 
The following tools are provided for efficient program development. 


Software 


e Integrated manager 

¢ H8/300 Series C compiler 

¢ -H8/300 Series cross-assembler 

e Linkage editor (including librarian and object module converter) 
e H8/300 Series simulator/debugger 

¢ H8/300H Series realtime operating systems 


Hardware 


e H8/300H Series realtime emulator (E7000) 


¢ H8/300H Series compact evaluation board 
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8.1 Software 
e Integrated Manager 
Efficient working environment: the tools cooperate, from editor to debugger 


e Assemble/compile errors automatically activate the editor (with the cursor positioned on the 
line of the error in the source program). | 
e Automation of assemble/compile, object-module link, and loading to debugger 


Simplified, standardized user interface for debugger 


e Multi-window support for C-language source-level debug 

e Easy menu- and button-driven interface 

e Same interface for simulator, emulator, and compact evaluation board 
e Multitasking debugger for Hitachi Real Time Operating System 


On-line help functions 


e Window display of detailed descriptions of the functions of each tool 
e Window display of error messages 


Integrated Manager 


Load module 


Code = Generate =m . est and 
and revise load module 


Note: * Complies with Hitachi Real Time Operating System specification. This product is based on the Hitachi Real Time 
Operating System specification and was developed under the guidance of Dr. Ken Sakamura of the Department of 
Information Science, Faculty of Science, The University of Tokyo. 





Integrated Development Environment 
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¢ C compiler 
— Supports all H8/300, H8/300L, and H8/300H Series microcontrollers 
— Conforms to ANSI (American National Standards Institute) C language draft 
specifications 


— Optimizing features reduce object program size and execution time 


e Assembler 
— Common H-Series assembly-language specifications 
— Generates output in SYSROF object format 


e Linkage editor (including librarian and object module converter) 
— Linkage editor: links and relocates object programs output (in SYSROF format) by the 
assembler or C compiler, and generates load modules (in SYSROF format) 
— Librarian: stores user programs in libraries 
— Object module converter: converts load module files output by the linkage editor from 
SYSROF format to S-type format 


¢ H8/300-Series simulator/debugger 
— Enables the user to debug programs on a host computer, without a target system 
— Supports C-language source-level debug functions 
— Register-based break/trace 
— Stub and function-call features, enabling programs to be debugged from the initial 
development stages 
— Permits simulation with relocatable object code 


e H8/300H-Series realtime operating system (HI8-3H) 
—- Conforms to the Hitachi Real Time Operating System specification 
— Simplifies porting of operating systems and application programs for other H-series 
microcontrollers 
— High-speed operating system: task-starting system call executes in 35 us 
— Supports stack sharing between tasks 
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$8.2 Hardware 


E7000 Realtime Emulator 


The emulator is designed to give the user 
complete information about microcontroller 
behavior, when connected to the user system 
in place of the target microcontroller 


Emulator’s user cable 





ee aa? —_ STR y; 
Lt —— H8/300H 
Emulator Emulator board 


E7000-Series emulator 





























PCTES: is 





Microcontroller system under development 





e¢ Hardware breakpointing (4 breakpoints) 
— Settable breakpoint conditions 
Address (with bit-mask, range, and net specifications), data bus (with bit mask and net 
specification), RD and WR signals, external interrupts (NMI, IRQpo to IRQs), pass count 


(maximum 4095), delay count (maximum 32,000 cycles) 


— Sequential breakpointing 


Program execution halts when two to four breakpoints are passed in a specified order 
e PC breakpointing (specifiable separately for each Mbyte in 2-Mbyte address space) 


— Settable breakpoint conditions: program counter, pass count 
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e Realtime trace 


— Information traced: address bus, data bus, external probe signals, control signals 


— Trace information capture 
Free trace: all information generated during execution is captured 
Range specification: specified trace capture conditions 
Stop trace: trace stops when a condition is satisfied 
Subroutine trace: tracing of execution of a particular subroutine 


— Trace information search: information in the trace buffer can be searched according to 
specified conditions 


— Trigger conditions: a trigger signal can be output when trigger conditions are satisfied 


CO coverage function (specifiable separately for each Mbyte in 2-Mbyte address space) 


Indicates the percent of the area covered in a program run 


Performance analysis 


Measures program execution efficiency 


Parallel mode 


Commands can be entered during a program run without halting execution 
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e E7000 graphical interface software 


— Source-level debug 
Displays position (PC) where execution stopped in source program 
Displays contents of selected variables in source program 
Breakpoint setting on selected line in source program 


Supports source-program line-mode (step-mode) execution 


— Realtime display of trace information 
Displays trace information using source program 


Waveform display of address bus, data bus, interrupt signals, external probe signals, etc. 


— Multiple windows 
Connected display of base frame and subframes (example: if register subframe is 
displayed and program is executed in step mode, register contents display is updated) 
Easy operation by command subframe 


nT ne Se See ng Ea ee ed whee ENS oe Beal GSS See TIS EC IST STE TET 


H8/300H E7000 Graphical User Interface 








Pe ee, Pe ee ee 
|) FILE” | |EXECUTION ©.) ‘TRACE -' i VIEWS") | HELP.” | <--—- Menu buttons 














Filename: a.c Topline: 1 


Endline: 12 | ~&-~--~ Source file information 











| 
i #define A_SZ 6 
: inta[A__SZ]; 
| main() 1 | 
i { Goi 


int i; 


for (i=0; i<A_SZ:i"*) _ Source display PC: Source line 

a{i)=0; i indicated 
| proc (a); i | by current 
| i | PC value 
| void proc (a) . | Beach 
it . 
| int af J; breakpoint 

| is set 





3 


| a 











_ (DISPLAY } { STEP_OVER} (STEP) (CONTINUE | ( SET ) ( CLEAR} ( STOP } | «—— Command buttons 








—— i so en a ee 


PC=000040 line: 6 : <——— Emulation information 


ia Emulator dialogue box: input on 


command line 
it and display 
ee of command 
results 

















Base Frame of Graphical Interface (Start-Up Window) 
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H8/300H Series Compact Evaluation Board 

¢ Makes all H8/300H Series functions available to the user 
e Supports realtime emulation (Max. 18 MHz) 

¢ EPROM socket for emulating on-chip ROM 

¢ On-chip ROM can also be emulated in emulation RAM 


¢ Firmware mapped independently of user address space 


— The entire address space is available to the user 


¢ Built-in terminal interface (RS-232C interface) 


— Supports data transfer with host computer 
¢ Allows battery backup of emulation memory (by external battery) 


e Target system connectors 
— Special 100-pin connector 


— Can connect via special adapter board to E7000 emulator’s user cable 





: Firmware 
-. EPROM . 


| 
HN27C 1024 
| 


i's S 
ve < 
i jog 
x iE f og 
2° 
: Ss o 
CS 3 
£ £ 
uu Lu 


RS-232C interface 
Break switch Reset switch 


Evaluation chip 


(100-pin in-circuit connector) (Unit: mm) 





H8/300H Series Compact Evaluation Board 
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